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EXECUTIVE $UIIIARY AND CGICLUSIONS 

Out to reported health probl•s associated with the use of 
1sbtstos, the Office of Toxic Subst1nces hes proposed a regulation to ban 
the use of asbestos over e lO•ytar phase-clown period. Since asbestos is 
currtntly • critical constituent in, .. vehicle friction products. the 
Environaental Protection Agency is interested in d1ttr11ining whether the 
proposed bin could h1v1 adverse tff~cts on vehicle brak;ng safety. 

In order to 111111 the potential effects of the proposed ban on 
vehicle brake systN operation and vehicle safety. 1 panel of individuals 
knowledgeable in the v1rious aspects of vehicle brakes and friction ••t•· 
rials was asstllbled by the Allerican Society of Ntenanical Enoine•rs (ASNE). 
The p1nel addressed technological issues associated with the re110v1l of 
1sbtstos froa friction ••terials. specifically: 

(1) Identification of substitute brakes and systMs, 
(2) COllpatibility of the ban with 110tor vehicle safety standards, 
(3) Proble•s associated with replacing asbestos friction mate-

rials in 1ften111rket vehicles, and 
(4) Pace of research and coatrci1liz1tion Ind tfftcts on ph1se•out. 
This report addresses tht technical issues related to the proposed 

bin cons1dtrtd by the panel to bt the 1110st i•portant. 

Conclusions 

ldenttftcatton of SUbstttutt lrllcts and Syst•s 

Yth1cle contro11abi11ty during brakinQ is affected by both driver 
anJ brakt syste• performance. 61ntr1lly. vehicle front-to-rear brakino 
~·atios art 1djusttd on I per-•odel basis to provide optimal braking. Too 
•uch or1king on an axle results in pre•1tur1 wheel lock-up, and this can 
111d to loss of st11r1ng control (front lock-up) or spin-out (rear lock• . 
up). While tht effectiveness of disc brakes is directly proportional to 
pld•disc fr1:tion levels, the effectiveness of drum brakes can be greatly 
affected by changes in lining-drum friction. Friction materials that 
exhibit reduced tffect1veness also con result in brakes having 1nsuff1cient 
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torque netdtd to stop the vehicle. Different dru• br1ke designs exhibit 
dr•etic differences in effectiveness. 

Btcause disc brakes utnt1in effectiveness 1t high braking speeds, 
4-Ntteel disc brltes have been used in the past on htgh perfon111nce Euro­
pean vehicles de1ton1d to operate at high speeds on unrtgul1t1d European 
highways. This ts one reason behind tht European use of 4-whetl disc 
syst•s. In lddttt_on, non-asbestos dru■ brake ••ttrials for 1ut011ob1lt 
dru■ brakes have been difficult to qu1lify in the past. For these rea­
sons, uveral European 1utoalkers use 4-whttl disc br1kts 1n conjunction 
with s•i•tallic pad •atftrials 1s a .. ins of tli•in1ting asbestos. 

TIit •Jority of tht 1utOllobtle1 sold in the United States now are 
fitted with front disc brakes and rear dru• brakes, and this trend will 
■ost 11ktly continue for SOM tiM. ltcause of differences between quali­
fication standards, co1t, driver preftrtnce, and driving conditions in 
the United States end Europe, Aaerican and J1pantst aut•llctrs art utilizing 
rear dru■ br1k11. Suitable non-1sbestos m1ttri1ls ere not 1vatl1ble for 
111 of thtst 1ppltc1tions, end industry-wide substitution of non-asbestos 
■1teri1ls tn 111 existinQ brake designs would require constder1ble develop­
Nnt. Jt is ur.re1listic to 1ssUt1t th1t 111 1uto■1kers will redesign all 
passenger car and truck braking syst•s around disc brakes in order to 
utilize •••1•ta11ic •atert1ls. 

The qu1ltftc1t1on of original equtp■ent braking systt•s is regu• 
lated under Federal Motor Yeh1cl~ Safety St1nd1rds (FNYSS) 105 end 121 . 
For •any original equ1PMtnt 11111uf1cturers, these requtrtMnts represent 
■in1ma1 standards of perfof"'Manct, and supplMtnt1l qualifications ore 
u11111ly sat1sf1ed dut to custOIMr dH1nd. S1thf1ctory c0t1pl11nc1 with 
F!WSS 105 and 121 requires vehicle and inertial dynamClffllter test fac11itits 
to evaluate brake syste• perfor■ance on I per-model basis: To test compli-
1nc1 with these requ1r•ents, vehicle m1nuf1ctur1rs submit brak1n~ systtms 
and friction products to nuMrous levels of qu111f1c1tion t1sts. No simple 
btnch-top t11ts 1rt 1v1111blt to 1v1lu1tt tht p1rfon111nc1 ch1r1cttr1stics 
of friction m1teri1ls or to dtmonstrate their c0111pl11nct with Motor Vehicle 
S1fety St1nd1rds. Rtsul •s obteintd us1no scaled-down l1bor1tory 1pp1r1tus, 
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such 11 friction uteri1l ttsting aechints (FNTM) or friction 1ss1ssaent 
scrttning test (FAST) uchines, h1vt been shown to corr1l1tt poorly with 
vthiclt ttst rtsults. The perfor111nct of 1ft1ra,rk1t fr1ct1on ■1ttr11ls 
is not r19ul1ttd by l1w. 

In coaparison with current feder1l s1fety st1nd1rds which specify 
required ,topping distances 1nd deceleration, tht propostd FNVSS 135 for 
PISHftOtr Clrt and ltght trucks will require front brlkino bfH in tht 
event of• -"•1 lock-up durino br1k1ftQ. This sttu1tion requires th1t 
the front wtlffh lock•IIP before tht rew well. 

TIit 1doptton of FNYSS 135 Ind the failure to qu1lify re1r br1ke 
drua ltnings e1hibiting consistent ltvtls of friction ovtr • widt r1ngt of 
perforaanct condftfons ••11fftct tht dtsign philosophy ,f Alltric1n Ind 
Jep1ntst eutoaotivt engfnurs. Forced to tnsurt front bi1s in tht syste~. 
1ut0111kers ••1 •vt to using ltss tfftctivt disc brakts on tht rt1r ind 
fncrt1s1nv tht front-to-rear br1king ratio to tnsure consisttnt perfoni1nce, 
ff provftn rt1r lining ■1ttri1ls art not found. 

TIit substitution of unqu111f1ed non-•sbtstos friction ■1ttr11ts 
1n tht 1fter111rktt ~Oltl tht l1ro1st pottnti1l Slftty illut. ltCIUlt 
vthiclt controll1biltty durincJ br1king ts stronoly 1fftcttd by friction 
•1ttri1l perfor111nct, unqu1lifitd substitution of friction ••t1ri111 in 
t1thtr vth1clt d1sc plds or drum 11ninos NY h1vt 1n 1dvtr1t tfftct on 
vthiclt br1kt bllanct Ind controllability. A llf'Qt nuabtr of oldtr vthiclts 
1n tht Unittd St1t1s h1vt br1kt syst•s dtsigntd for 1sbtstos friction 
products. TIit ust of unprovtn ■1ttri1l1 in pl1ct of provtn 11bt1to1 1Hte­
r11l1 1n t11st1ng syst•s could rtsult 1n • loss of vth1clt contro11ab111ty 
during braking. 

Currently, thtrt art no requtrtd perfor111nct tests for 1ft1n111rket 
~rlkt fr1ct1on Nttr11ls. In lddition, IIC>St of tht 1ft1n111rk1t, non-
11b11to1 ■1t1ri11 supp11trs lack tht facilities to tv1lu1t1 thtir m1t1ri1ls 
undtr dyn111011tttr ind vth1clt braking test conditions. 

Non•ISbtstos fr1cti~n m1t1ri1ls th1t hlVI Dttn dtvtloptd to d1te 
h1vt provided SOllt ntw ind untxpecttd f1ilur1 MOdes and mtchantsms dut to 
their uniqut c0Mbtn1tions of ntw raw m1tert1ls 3nd m1nuf1ctur1 ~, processes. 
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Nlfldating aftt,..•ket non•asbtstos friction ■1teri1ls for vehicles that 
wtrt originally equipped with 1sbtstos-b1std linings could ltld to a poten­
tially ttr1ous cu1t0111r safety r1sk, unltsa stringent friction ■1ter1at 
qu111f1c1t1on specification tests are 1ncludtd. 

bP,fncire.., ti ,.,1.11i,t1on 

Non-asbestos frtctfon ••t1ri1l t1:~nology is advancing rapidly. 
Several MW 11btstos•frH car, light truck, and h11vy vehicle brake syst111s 
hive bttn relt11td for OEN app11catinr.s in the oast 3 years. Nore new 
vth1clt brake syst•s w111 bt rtleastd with non-asbestos friction •attrials 
for the 1918 IIOdel year. 

Adequ1tt non-asbestos friction ••ttrial fonaulations presently 
are not 1vail1blt for 111 vehicle syst•s. However, at tht present rate 
of technical progress, 110st new passenger cars could bt equipped with 
totally non-11btstos fr1ct1on1l syst•s by 1991, and ■ost light trucks 
and heavy trucks with S-c•• brakes, by 1992. However, 1 ftw low-volu• 
new vth1cle applications ••Y not have acctptablt non-asbtstos friction 
■1ttri1ls at that ti•. Heavy truck wtdgt brake blocks, ■tdiu• true~ 
dru■ br1kt lini~s and ■any off-road vthiclt br1k1 linings •ay not bt 
dtvtloptd by 1992. 

New classes of non-asbestos friction a1t1r111s havt unique cOfflpo­
stttons whtch ••Y havt untaptcttd failure ■tch1nisms. In many casts, 
unique f1tlurt IIOdts art revealed only through exttns1vt vth1clt ttst1no. 

Nuaerous 1ut011Dbil1, truck, and friction Nttr1al •anufacturtrs 
rtspondtd with written caaatnts to the Ftdtral RtQ1sttr announctt1tnt of 
tht proposed EPA action. Vhilt most of tht aut011obilt and truck manufac• 
turtrs wart opti■istic about tht future availability of asbestos-frtt 
■1ttrt1l1, thty wtrt unan1110us in their opposition to a proposed phast• 
down schtdult 1n which the ..ount of 1llowablt 1sbestos would be phased 
out ovtr a 10-ytar period. Instead, thty favortd a 5-year lead t1•t prior 
to any ban. In addition, they wtrt unan1110usly opposed to banning asbestos­
conta1nir19 •attrials for older 1ft1rm1rktt vehicles. Althouoh su1t•ble 
substitutes have bttn fou"d for tut0111ob11e front disc brakes, m1t1r11l 
qualif1c1tton for rear aut0110bile drum brakes and medium truck drum brakes 
is still in progress. 
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Friction product •1nuf1cturtrs 01vt ■ixtd response to the issues. 
Ont ■1nufacturtr indic1ttd that for ■1ny 1pplic1t1ons, suitable substitutes 
are 1veilable, although for ■lfty vehicle applications no qu1lified ■1ter111s 
exist. Another ■1nufacturtr indicated that suitable substitutes wert 
produced by their c•pany, although no FNYSS 105 or FNVSS 121 qualiftcat1on 
capabtltttes extsttd at thttr f1cility. 

lee~ ■lftlMd F11t11r1 lfprk 

Industry trends for the ntxt S years 1ppe1r to be dirtctlltd to~ard 
t~t t11a1nation of asbestos in all ntw vehicles. For these applications, 
the use of qualified non-asbestos friction ■1t1rt1ls ••Y not present a 
vthiclt s1fety proble• over the life of the friction product. However, 
the ust of unqua11fitd non-asbestos ■atertals for the afte,.arktt still 
rta1ins a safety issue. If the eventual tli■ination of all asbestos 1n 
friction products is to be acc011plishtd, idditional future studies are 
required. Stvtr&I possible rts11rch tasks ere briefly outlined 1n the 
followino sections. 

The purpose of this task would be to dtttnaint and project, 
over tht next 10 years, tht general classes of brake designs found on 
older vth1clts (p1ss1ng1r cars and light trucks, ■tdiUII trucks, and heavy 
trucks) th1t will require after■1rktt friction ■aterials. For txaaple, 
tt would bt useful to dtte,.ine how ■eny passenver c1rs in t~t 
3000-3500 lb weight range are fitted with duo-servo drum brake and how 
■eny utilize 1ead1ng-trai11nv drum br1kes. In addition, the population 
of vth1cles hiving 4-wheel ~ru■-brakes as opposed to rear wheel drum-front 
whttl disc brakes could be d1ten111ntd. Thus, vehicle populations would 
bl assessed with respect to weight range. brake design, and front-to-rear 
braking balance. 

Thi, infon11tton would help the EPA to det~rmint whtrt the quali­
f1c1t1on of non-asbestos friction materials for the aft1nnarket would 
havt the greatest 1mpect on asbestos elimination. For example, 1f the 
results 1nd1c1t1 that 80 percent of the passenger vehicles using asbestos 



■1ttri1l11rt fitted with duo-servo rear dru• brakes ind front disc brakes, 
1nd ire within the 3300-3800 lbs wight range, than the requalification 
of non•1sbtstos ■1ter11ls for these vehicles would have the greatest impact 
on asbestos e11■in1tion. 

Tht purpose of this t1sk would bt to dtttn11nt whether current 
non-asbestos uttri1ls could bt s1fely ustd in 1ftenurket vehicles designed 
for ust with asbestos friction products. This t1sk would draw upon the 
results of Task 1 by li■1tinQ the vthirlt studies to these vehicles known 
to reprtHnt tht ■1Jority of vehicles now in service. In this way, the 
study could ht conducted in a .c,re cost•tfftct 1vt ■anntr. 

'P11s experiNntal study would use dyn..,.tttr ind vehicle tests 
to dtttnaint friction product effectiveness under vehicle service cond1· 
tions. Tht ability of brake syst•s ind frir.tion ■aterials to satisfy 
Ftdtrtl ac,tor vth1clt s1fety standards would also be asstsstd. 

This second task would deter■ int (1) whether safe effective 
substitute uterials ire 1v1il1ble for SGllt afte,,.erket 1pp11cet1ons and 
(2) what range of effectiveness currently exists among suppliers of after­
■1rk1t non-asbtstos 111t1ri1ls. 
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1. INTRODUCTION 

The E"viroN1ent1l Protection AQency, under the authority granted 
by the Toxic Substance Control Act (TSCA), has proposed a ban on the pro­
duction and 1"port1tion of asbestos and 1sbestos-cont1int~ products. 
According to doc-.its published in the Federal Register (Vol. 51, No. 
19, Vldntsday, January 29, 1916) the EPA has proposed several alternative 
approaches to eventually 1lt•in1t1 or drastically reduce the aMOunt of 
asbestos used in the United Statts. The proposed actions 1pply to products 
containing asbestos, 1s well as raw asbestos •intd or i•porttd for incor­
poration into products. 

Tht proposed ban on asb1stJs would have a direct effect on fric­
tion ■1t1ri1ls used in 1ut0110tive, truck, transit bus and train brake 
systems. At the present ti•e, •MY friction products contain asbestos. 
Asbestos providts s1v1r1l perfonnance attributes for tht brake lining 
both durinQ its inttndtd use as well 1s durtno its •anufacture and assem­
bly. Removal of asbestos fr011 the,, •ttrials raises tht followino 
qu11tions: 

(1) Vill asbtstos-frN friction products 1llow eotor vth1clts 
to ... t current and proposed br1kinQ standards? 

Non-asbestos friction •at1ri1ls have lddtd new COfflplexi· 
ties to br1k1 syst• design and developt11ent because of their 
ntw, d1fftrtnt, and s0111t1•1s unexp~cttd functional proper­
tits. Further.ore, brake systtt11 develop,nent work becomes 
•rt difficult with the present shortaoe of fully eva1u• 
ated, docut11ent1d non-asbestos brake 11n1no for.ulations. 
However, fully non-asbestos formulations for passenger 
cars, light trucks, and heavy trucks have been produced 
and •rt have been rtltastd for production. There 1s con­
siderable controversy \,hether acceptable asbestos•free 
substitute friction •1teri1ls have betn found for some 
vehicle brakes, 1n particular SOffle of the larger passenger 
car/Medium truck drUIII brakes. 
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(2) Mill the use of asbestos-free •teri1ls require redesign of 
braking ccaponents, such as actuation cylinders, distribution 
Yahes, and reservoirs and accaulators, to peratt saft use 
of 110n-asbtstos brake linings? 

This question arises due to the proposed require111ent 
for applytno asbestos-frH friction •terials to existing 
vehicles th1t have braking syst•s designtd for use with 
1sbestos-cont1ining friction .. ter1als. When non-asbtstos 
friction Materials are installed in existing vehicle systems 
with no alteration of the rest of the braking systt111, 
stopping distances May increase, required brake ectuation 
forces may increase, resistance to fade may decrease, and 
undesirable br•K~ stability problMs may arise. 

It would appear to be prohibitively expensive to replace 
brake system c011ponents to accCIIIIOdate friction materials 
with different frictional characteristics because of the 
extensive redesign and retestino required. To 1ssess the 
i•pact of the proposed ban, the feas;bility will have to 
be lddressed for the direct replacement of asbestos brake 
linings on existing vehicles with non-asbestos friction 
111ater 1 a ls. 

(l) What schedule for asbestos phase-out can be 1•?1 .. nted 
without coaproa1s1ng vehicle brak1119 perfonaanct and saf.ty? 

This question arises due to the poss1b111ty that in some 
applications acceptable substitute materials may not be 
available because of perfon111nce, Manufacturability, or 
profit1bility issues. For sone spec;aliztd vehicles, the 
market for friction products may be so small as to restrict 
the profitability of developing and manufacturing suitable 
asbestos-free friction mattrials and required associated 
hardware. 

Objectives of this study were to: 
(1) Define the technological issues associated with the EPA's 
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plan to disallow th~ use of asbestos fn aut011obile and truck 
braking syst•s. Such issues would include: 
• Ident1f1cat1on of substitute brakes and systt•s, 
• Influence of the ban on 110tor vehicle safety standards, 
• Probl•s associ1ttd with replacino asbestos brakes on 

extstfno vehicles with alternative •attrfals. and 
• Pace of research and c01111trct1liz1tfon as they affect 

the proposed tt• for phase-out of asbestos. 
(2) Collect relevant tethnical 1nfon11tfon required to resolve 

those issues. 
(3) Present the findings and conclusions of the study regarding 

those issues where the ~tate of exfstfng knowledge is sufff• 
ctent to •Ike a sound enofneerino judQMtnt. 

(4) Define the li■its of curr,nt knowledge and identify priority 
research topics where available 1nfonut1on 1s not sufficient 
to draw ff,.. conclusions. 

This report addresses these and other issues created by the 
proposed EPA action 1gafnst asbestos. Section 2 of the report describes 
venicle braking syst•s now 1n use in both on-highway and off-highway 
vttltclts. Table 1 lists the general vehicle classfftcations usi119 these 
braktno syst•s and vehicle ex•plts affected by the ban. Section 3 of 
the report describes how friction ••terials are evaluated and qualified 
for vthiclt use under Ftdtral Motor Vehicle Standards and Society of Auto­
■ot1vt Engineers (SAE) practices. Stctfon 4 dtscribes the perfon1ance of 
the various friction products. Section 5 covers vehicle appltcatfons 
affected by the proposed ban. Finally, Section 6 outlines the responses 
of the •Jtrfous tndustr tes to the EPA• s proposed ban. 
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TAILE l. IIITII f£NICLES AFFECTED IY PIOPOSED IAII 

•-tel• category E1-,l1 R1pr1sent1t1ve lr1kt Syst•• 

-... -. ..., • Autaaob11ts 111d • 4 whNl df'UII 
(low w19"t) 11gtlt trucks • Rt1r ._, dru11 and front 

whttl disc 
• 4 ._, dhc 

On tl1ghlit1y • N11vy trucks • Hydr1u11c drua 
(tl10h wight) • Tractor-tr111tr • s-c• air drua 

cClllb1nat1ons • Wldgt a1r drua 
• lusts • Air dhc 
• Concrttt •1•trs 
• Tank trucks 

Off highway • LOQ91no trucks • s-c•• 11r dru■ 
• N1n1nQ trucks • Air disc 
• A9ricultur1l • _.,t (oil) disc 
equip■ent 
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z. IEYIEV IF VENICLE IWI• SYSTDS 

2.1 lectton Sualry 

A r.,iew of vth1cle brlk1ng syst•s 1s presented 1n this section 
and 111cludls d1scu11ton1 of the perforurtet requ1rtMnts, factors 1nf1u­
lftC1"9 perforatnct, Ind g1111r1l destgn ch1r1cttr11t1c1 of tht ••1n brlk1ng 
1y1tan. The Min purpose of thts stct1on ts to ex•1nt how vthtclt braking 
perfnra•c• 11 1ff1cted by tht fr1ctton ch1ract1rt1t1cs of both peel and 

1tn1~ Mteri1l1. Th11 11 of p1rt1cular iaportance tn tht 1fttraark1t in 
-"1ch 11be1tos •ttrtals ••1 bt replaced wtth non-11btstos ••tert1ls having 
different frtction1l properties. Thi ••in points of the secti<HI ere: 

• Ythiclt brlkes •ust provide consistent Ind dependlbh per­
foraence over a wide range of enviroMtntal and operating 
conditions, c1using coap1ex design tnd developaent challenQes 
end ntctssihting perfora1nce trtdtoffs. 

• lrlke ltnino friction tnd weir characteristics, along with 
the,..al end ■tchtnical properti11, 111 affect the br1ke torque 
output, especi1lly with high-1ervo-f1ctor dru■ brakes. The 
perfora1nce of these br11te syst••• which ire ccaMOn on •eny 
Alltertc1n-•lde autoaobiles, ts 11peci1lly sensitive to the 
frtctton1l properties of the brake lining •teri1l. 

• Vehicle controllabiltty ind stability durt~o br1kino ts depen­
dent upon the stability and consistency of the brake 1yst1t1. 
For •••ple, 1n alt1r1tton 1n the front-to-rear braking balance 
dut to I change 1n etthtr tht front or rear friction ••ttr1a1 
■ay decretse Vthiclt controll1b111ty. The Ult of friction 
Mteritls having different weer, stiffness, friction, or the,..,1 
txpansion ch1r1ct1rt1ttcs ••Y cause• d1grtd1tion in braking 
perfo,..anct. 

• Structural and vibr1tton1l bth1vior of brakt assemblies cen 
bt s1gnif1c1ntly 1ff1cttd by tht frtction1l, tlasttc, 1nd 
structural properttes of tht friction m1t1rtals. 8r1k1 squeal 
occurs when the brakt and assoctattd structural cCJ1pontnts 
ire excited to vibr1te due to friction. So■t friction •1t1rt1ls 
naturally d11p or d1ss1pett tht vibrtt1on, whilt other ••t•• 
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rt111 acc•t111te vtbr1tton. TM tefldency for squeal ts dtttr• 
■tnld M1R1J t~rough vetltclt testing beCIUSt prtdtct1on by 

.. 1yttcal ■-1111 11 difficult. 

TIii ,,.__., ,..1r1■1t1t of• fthtclt braking 1y1t• 11 to provtdt 
tlll c-111tJ te ,eceleratl tlll vltl1clt 1n • controllld ■enntr at 1n 
acceptaltlJ ~it~ rate •• tlll full rlftgt of 1n-11rv1ct operating and tnvi• 
f'Ol■•t•l c0ftd1tt••· TIit br1kt 1y1t• ■ust provide conshttnt and dtptnd­
lblt fr1ct1••1 NMW10r for 111 rtllOftlblt condtttOM. TMH conditions 

1ftc111dt: 
• EnvtrOftlttfttll Conditions 

t,eaptr1turt 
llulltd itJ 
roed conditions (debris, wtt, oily, etc.) 

- w•ttric prtssurt 
cont•in1tion ltvtl 

• Qptratt111 conditions 
- vltltclt speed 
- .etltclt trajectory 

ttre condition 
- brakt 111t• c•ponent condition 

brakt c•ponent ttaperaturts 
brakt prtor usa91 history 
road condition end 9rldt 

- traffic pattern 

A concept1111 uh1•1tic of a brlkin9 syst• ts provtdtd tn 
F1turt 1. Ttlt ft9urt 111 ustratts the feedback control nature of I brak ,,IQ 

operation, in •ich the driver 11 a crtttcal contro111no tl•tnt. Tht 
driver Nit process inforwation about this operating tnvironMnt, b1std upo11 
•tch ht •ust respond by d1pr11,tng tht foot ptd1l with a d19r1t of effort 
that ht btlitvtl will dtctltratt tht vth1clt as ht dts1rts. Tht actual 
braking perforwanct of the vth1clt depends upon st~tral factors, the ~ort 

taportant of which 1rt: 
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• Accuracy of tht drtver's perception of the operating 
11Wiro1111ent, 

• Dyn•1c r11pon11 chlracterht1cs of the driver, 
• Prldictlbiltty and reltab11tty of tht total brake syst•, 
• Yth1cle/f'Old chlracterfstics, and 
• Rtspon• clllr1ct1rtsttc1 of the braking 1y1t•; 
In ant,, to ~top a Ylhicle saftly, the br1kt 1y1t• should providt 

ret11at1blt, unffDtll dtc1ler1tian for tht s .. brlke pedal input lftd prov 1dt 
br11l1ng forct fn proportion to l)ld1l forct. Further, vehiclt path dtrtctton 
lhould be rtldily controllablt by tht driver duri119 braking. 

TM 11111tatfon to dtetltrate I Yth1clt depends ulti111ttly on 
road/tirt traction, which varits with whffl sltp. Nui■ua braking rtqu1res 
the brake torqut to bt Just enough so that tht rtsulting llltltt1-s11p gtntr­
ates paak traction forct av1il1blt at the tire-rold inttrface. Exctssive 
brakt torque cau111 a progrtssivt increase 1n whttl sltp and dtcrtau 1n 
adhtsfon, resulting fn llltlttl lockup and skidding. Skidding ••Y produce 
an unuft condition btcaust dtr1ction1l control of tht vthiclt 11 rlductd 
substantially and stopping distancts ■ay bt increased. Rear-whttl lock· 
up during braking results 1n stvtrt vthtclt uncontro11ab11tty. For this 
rtason, current European braking standards and propostd Allertcan braking 
standards ,equtrt that tn tht tvtnt of whttl lock-up, tht front whttls 
9'11t lock btfore tht rtar wheals. To tnsure this condition throughout 
tht lift of tht friction ■attr1a1, both front and rtar brake syst• per­
foraance •ust not bt alttrtd by frtct1on ■1teri1l war or by other changes 
tn tht .. t,r11l friction ch1r1cteristics. Changes 1n tht frtction 111ttrial 
properttts, tither dut to rtplac1ng tht br1k1 shots with d1fftrtnt friction 
•ttr1a1s, or dut to weer, prior operating history. tMperature, and load 
tfftcts. w111 change the rtsponst ch1r1ctert1tic1 of tht braking syst•. 

I.J lafluenct of lrakt Fr1ctton *terf11 
thirectir1st1c1 on Irate Srst• &sponst 

Thtrt art 1tv1r1l sctnar1os tn which 1n tx1st1nQ hydr1ultc or 
pn1ua1ttc syst• would requ1rt ■odificatton or rtdestgn to 1cca11od1t1 
ch1ng11 1n tht properties of the brakt friction •1ttrt11. Thtst art su1111t1r• 
tzld 1n T1blt 2. As 1ndtcattd in tht table, substitution of non-asbestos 
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frictton ■1t1rial1 for original asbestos 11ninos requires ctlaracttr1za­
ttOII of the sub,tttutt Mttr1a1 propert1ts, followed by an tvalu1t1on or 
vwtftt1tion of tht perfo,...c• of tM 1111t1no br1k1 syst• w1th th• 
ftOft•IIMltos ■1t1r~al1. Out to brake syst• d111on d1fftrtnces. this 
-t N done Oft I aodtl•bJ-tlOdtl 1N111. 

For new vth1clts, IIOft•nbtstos frtctton ■1t1rtals NY be tncorpor­
atlla tnto a new brake syst• design. Dlptnd1ng on the characterhtics of 
till IIOft•nbestos friction ■1t1rials, CCIIPll"td with thost of tht asbestos 
Mt1t"f1ls, tht new brait syst• design could involve ■1nor IIOd1f1cat1ons 
of 1111t1ng dts1ons or c•pltttly new brllkt co■ponents. 

In order to ach1tvt adequate braktng perfotMnct, brakes art dtsigned 
pr1..-ily on the b111s of wear. stability. brake or shot factor, (ratio 
of brake torque to 1pplttd force) lftd pedal trav11.(l) Thtst par .. ttrs 
art 1nt1rrtl1ted. For •••plt, 11n1ng Mttrtel therw1l expansion may 
require lddtd runn1no clearances to avoid paras1ttc drag. This thin rtsults 
tn the ntld for greater brake pedal travel, which ••Y ltld to 1 •astir 
cylinder res1ztno. If pedal forces thtn btc•• too oreat. a boo1t1r ••1 
nttd toot added or 1ncr11sed tn s1zt. SGflt of thtst r1l1tton1 art dis­
cussed in the followino sections. 

z. 4. laflUNCt of Ir•• ....... on lrakt Effect 1YtntH 

As ■tnttontd previously, it ts t■portant that a vth1clt havt tht 
ability to Dt ~•ctltrattd rapidly and controllably durtno ... roency braktno. 
Thus the re1pon11 of the vth1c',t to the driver' 1 brakt •c01111ncts• Must bt 

prtdtctablt, repeatable, and fast enough to stop the vthiclt 1n a short 
di1t111e1, but slow enough that tht drtvtr can respond tfftcttvtly with 
aubstqutnt corrtcttve brlktno and 1t11r1no ccaands, e.g., to 1votd sktddtno 
or •ftshta111ng•. 

Tht rel1tton1htps bttwttn brllr1ng (frictional) torque. 1pplt1d 
force, and tht cotff1c1tnts of frtct1on have I strong 1nflutnct on vth1clt 
stlbtltty. Thi par•tttr that 110st strongly affects tht stability of brakes 
ts the shot or brakt factor (also called 1ff1ct1vtntss). Tht brake tfftc· 
t1vtntss 11 dtfintd 11 tht ratio of tht brakt friction torque to tht 1pplitd 
forct and 11 ustd co.tonly to dtscribt tht perfoNanct of brakes. 



Chanoe of lralce Pottnt111 Rtsponst Nttdtd Dts i gn 
L1n1ng Pr,pert1ts of lraltt Syst• Nod1f1c1tions 

• LlwW Frtctt• • 1r11ter Pedal Ftree1 • ~r leoster or 
Ceefffctats .... 1 .... Lffdt .. to: SIii 1 llster Cyl. 
• Ff'Oftt bruts - Early rear skid • 11g ff"ont w.c. 
- ... bralcts - Early front skid - 11g P'tar w.c. 
• lotll frant/r.., - Low brakt capacity • Syst• P'ldts1gn 

• litlllr Frtctton • L..,. lralc1 Pedal Fwc1 • Sllaller loosttr/ 
C.fftct•t• lequtrtel, Leldt:T to: 11g llaster Cyl. 
• Front bralcts - Early front sic d • 511111 front w.c. 
• Rtar bralcts • Early rear skid - 511111 r11r w.c. 
• Both front/rNr • •Touchy• pedal • Syst• rtdtsign 

.,. . ,_. , .... • Ntgh lrlkt Pedal • lecaltbrate/Add I.! Cllarectertsttcs Foret laqu1rld For: looster 

II - lrttn fade • ln1ti1l hot brtkt - Scorch linings 
• Th.,..1 ftdt • Any hot brake. • Nod1fy linings 
- w,ter fadt - Wet br1kts • Shield brakes 
- Flash fldt • High spttd stops • Modify linings 

• l11CN11steftt • Yarted lrlkt Pedal • Change Ltn1ngs/ 
Frtctton Level Forces IINdtd 111th: lteltstgn Irate 
• lrNn ltntngs • Ntw br1k1 linings - Modify linings 
• UIIQI history • Ttaptraturt change - Nodtfy linings 
• Wear depth - N111age dr1vtn • Nod1fy linings 
• W1th1n bitch - lrlkt 111balanct - lMProvt process 
• latch•to•batch • Car-car variations • QC 1111ProvtMnt 

• bvtruwntal • lrllct Pedal Force • Change Ltntngs/ 
llntttwttf Senstttvt to: lteltst'n lrlkt 
• Wat11"/w1 tr vapor, • HU111dity • Nod1 y linings 
• IIGSd dust • Dust pickup • Sh1tld br1kts 
- 011y cont•1nants - ROid rain splash • Shield brakes 
• Oxtdt/rust tfftcts • Noht stor191 • N1t1ri1ls ch1ng1 

• L..,. C.,,111ton 
llodulus 

• Htghtr lrllct Pedal 
Travel 

• llldtst,n/Sttfftn 
Actuat on Syst• 

• :!3::tr Collpr1s1ton • Noise and Un1v111 • Reduct Shot/Dr111 
-c lus Effecttvtftlll St1ffntll :,_ 

-1 • Nigher TllfflNl • lrakt Orarntng Ind • Add Clearance or I.. E1pen1t011/lrowth Not•Spott no Thin Ltntngs 

• L....- Tenstlt • Ltntny Fracture, • Ust Nor, 11vtts, 
StrHgth Cast ron Scoring lond/Nold Linings 

• LIWlf• Toughft111 • Handl tng lreatag• • Alter Proctssts 
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Figure ?a sltows the forces acting in the shoes of I si■ple lead• 
1ng•tr111ir19 dMIII brake. As shol,n. the friction force on the ltlding 
lhOI causes tt to be further loldld against the drua. increasing its 1ff1c­
tivene11, wh11• ttle frtctton fore• on the trailing shoe causes it to oppose 
the appl1c1t1on fwce. decreasing tts effectiveness. 

In the duo-servo design. Ftgure 2b, the fr1ctton force of the pr1•1ry 
shot ts used to ~ly the stcondary shoe. thereby ■arktdly •plifying the 
appltc1tton force. TM increase in brtke loading due to friction 1s 

rtftrrtd to as stlf•actuatton. 111d this ptten..,.on can be used to increase 
tlle brake effecttvtness. This design h•s been and still is used extensively 
on '4Nr1can cars ustng 1sbestos•cont11ning brake linings. 

Although the phtn .. non of s1lf-1ctuat1on can 1ncre1s1 brake 
effectiveness. ttle effectiveness ts strongly influenced by the fr1cttonal 
properttts of tht ltntng ■1t1rt1l. Figure J shows the r1l1t1onsh1p between 
brake 1fftcttven1ss and lining friction cotff1citnts for different drum 
br1k1 designs Ind for an 1uto■ob111 disc brake. Duo-servo dru■ brakes 
1r1 widely uitd tn a..rtcan autOlh>b111s. while leldtng•l11ding systems 
IN found on ■any transit busts and h11vy trucks. Leiding-trailing syst111s 
are also found on ■ost heavy trucks and on ••Y autOIIObiles. Assu■ing 1 
nminal friction coefficient of 0.4. a 12•percer.l change in friction coeffi• 
cttnt can alter the brake effectiveness by 1pproxi■1tely 44 percent for 1 
duo-servo dru■ brake, JJ percent for tht l11dtng•tr111ing dru.t brake, and 
only 12 percent for I disc br1kt. Figure J also shows th1t for 1ut011obile 
r11r dru■ br1k1 syst••• friction ■1t1rt1ls qualified for use with duo­
strvo syst•s ••Y not perfor■ 11tisf1ctortly when ustd with ltlding-tr1111ng 
syst•s. Conversely, ■1teri1ls qualified for use in leldtng-tr1iling 
syst•s ••Y pr1ciptt1t1 rear whttl lock-up when ustd with I more tffectivt 
duo•strvo syst•. 

After■arket friction ■1teri1ls fro■ different manufacturers can 
exhibit a widt v1ri1nc1 in friction char1ct1ristits. This can ltld to 
v1rt1bl1 ind unprtdtct1bl1 brtkt perfonwanct, tvtn with ■1t1ri1ls containing 
asbestos. Under current 11w, 1fttm1rktt friction m1t1ri1ls do not have 
to ••t Ftd1r1l Notor Vehicle Safety Standards. 

As more ••Jor OEN fr1ctton m1ter111 suppliers phase out asbestos 
•1t1ri1h, the burden of supplying 111attr11ls for the 1fter1111rket w111 
fell on these stcond1ry aften111rket suppliers. Under tht proposed ban on 
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11llllt••bl1ed 11nift11, tM brlkt syst• engineer would lllvt two choices. 
First, tlle dl"WI brake could be rtdtstgntd and rtdtvtloptd for acctptlblt 
perfonNftct with IIOft•tsbtstos linings. Second, the dts1gntr could we1t 
for a 11~1111 foraulation to bt developed that can be used directly 1n 
e1i1t1ftl dna brake designs. TIits 1s • critical dtc1s1on. Rtdts1gn of 1 

brllle • .-1, 11 costly, tt• cons•illlJ, incl probably unr1111st1c. How· 
IVII", we1tt111 for tM devtlOp!llflt of• su1t1ble un1vers1l non•1sbtstos 
replec_.t frtctton ■1tert1l••tlllt h11 yet to bl ■lit••involvts the risk 
of not llavt111 ecceptablt 1fte,a1rket ca■ponents 1f 11b11tos-blstd brake 
11n1ng1 are btnntd. 

I.I l•flUIIICe of Irate Ltn1N-lrlkt Df'ull 
Prisswe iristrf&utlon en irilit~fftetfvNtss 

For dru■ brakes of the s•e deston, tht use of ~1fftrtnt •1ttri1ls 
txhtbtting s1■111r friction coeff1c1tnts 11 not suff1c1•mt to ensure cor.­
ststtnt and tvtn brtk1ng throughout tht 11ft of the ■1ter111. The use of 

1 ■lttrtal that exhibits different wear or the,aal properties can bt suffi• 
cttnt to change tht effect1vtntss of the brake syste■• Ftgure, shows the 
variation tn tffecttvtness for tht .... brake design but for different 
brake 11n1ng pressure d1str1butions. Nott that large changes of br1kt 
effect1v1111ss art possible for the s•• value of fr1ctton coefficient due 
to the effect of 11ntng pressure d1strtbut1on. 

Sev1r1l factors can lead to uneven and inconsistent br1k1 lining• 
br1ke dntlll pressure distribution, but tht ■ost 1igniftc1nt art weer end 
ther■al distortion. Wear tends to stltft the center of pressure location, 
Thus, sublt1tute fr1ct1on ■1teri1ls with different wear r1t1s fr0111 the 
original asbestos ■1tert1l1 ••Y also influence stability by changing th• 
center of pressure. A reduction in br1k1 tfftct1vtness, Qr en 1ncr•••• 
1n brake effectiveness ltld1ng to wheel lock-up, could bt possible const• 
quencts of t■proper fr1ct1on ■1t1rtal selection. 

TIit profiles of the brtkt linings 1110 art effected by thermal 
distortion. lrtkt lining expansion through tht friction ••ttriel thickness 
11 often ■uch greeter for non-asbestos br1k1 11nin9s, and these friction 
ut1ri1l1 1110 tend to be Much stiffer. Th1r1for1. the contact oeamttry 
and pressure dtstr1butions will be different. which cen 1ff1ct tht friction 
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FIGURE 4. EFFtCT OF LINING PRESSURE DISTRIIUTION ON IMKE EFFtCTIVENESS 
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fwc11 1111,ret_. et ttw contact ..-.1, e1pect11ly on the largtr drua br1kt 
,,....,1111. For tht1 re1son, frtctton •ter11l1 wtth htghtr the,.11 expan­
ston rates •1 cause 1ncon111t1nt br1kt119 perfor111nc1, 1speci1lly with 
varying br1k1 taper1turn. 

An lddld c•plic1tion r11ult1 fr• tht greater thtra1l expan1ton 
rate illd c-,re11ton 1ttffn111 of lllftJ non•albestos frtctton .. t,rt1l1. 
TIits 11 Cl11N hot-1potttno, I thef'IIOel11tic tnstab111ty that causes tht 
1111111 pr111ure dtstrtbutions to bee .. 1oca1111d, wtth resultant hfgh 
tlllrall 1tre11e1 and trrattc frictton v1lut1. The baste prtnctples art 
11ap1e, but tM total 1y1t• tffects can bt extr•ely caapltx. 

For ••111Ple, one particular bratt ltntng locatton ••Y have I gre1t1r 
c1aptng lold than avtr1oe, provtdtng gre1ter frtctton and heat gen1r1tton. 
11111 c1u111 that loc1tton to expend, furthtr 1ncr111tno tt1 excess load. 
If tht 11n1ng wear rate ts low, this cycle can co~ttnut for, .. tt•. 
llldtng to the forwat1on of a hot spot. Hot spotting tends to occur during 
low t..-perature brake u11gt, wtth ltght brake 1pplic1ttons, ind during 
brattno froa highway tpttds. Stnct this brake u110t 11 not 11v1r1, tt can 
tnldv1rt1ntly be overlooked in the early stages of the brake developaent 
proc111. 

2.1 1111111 of Frtctton•l~ucld 
Jfii-aHp@ irii, ••• 

Y1htcl1 br1ktng sy1t•1 generally include several structur1l 
coapoftlfltt, e.g., calipers, pedal ltnkag11, etc. Forces g1ner1ttd d1rtng 
braking Ctn cause htgh 1tr11111 in these brake CC111pon1nts Ind in vehicle• 
usoctatld coaponents, e.g., 11111 and 1uspen1ton el ... nts. Th11e stresses 
result fr• tht noatn1l br1ktng torqut II wtll II frOII tht,.,1 Ind othtr 
d,.._tc loads. Sufftct1ntly l1rg1 d,n .. tc and tht,.11 stresses supert■posed 
on tht n•tnal braking str11111 ■tght prGMOtt fractures or fatigue failures 
tn SOiie vthtclt structures, which then could result 1n 1n unsafe operating 
cond1t1on1. Tht brake friction ut1rt11 properti11 strongly influence 
ttw dyn•tc bth1vtor of the vehiclt structure during braking btc1use these 
propertie1 d1t1rwtne the ••gn1tude and frequency of the br1kino torques 
gentrtttd at tht frtctton tnt1rf1c1. For 1xupl1, ph1n0111n1 such 11 br1k1 
1qut1l, ch1tt1r, and groan product structural v1~r1tion1 of vthiclt COIi• 



,....t, •tell •r be ettlltr reduced or tncf'Hlld by 1ubstttuttng different 
brakt frtctton •t1rtal1. The influence of a particular brtktno •1tert1l 
on structural vtbratton1 depends strOftgly upon tllt spectftc br1kt sr•t• 
dt1t111. Therefore, replac .. nt •tert1ls should be 1v1lu1tld carefully 
for crtttcal vltltcle appltcattons. 

Anotlltr stf"IICtural con1tdtr1tton occurs tn att1c"1ng the frtctton 
•tartal to tlle bra• shot. Thh can be done by rtv1ttng, bonding, or 
tnt11rally aold1ftl ·t111 ltntng to tllt brllle shoe. Non-asbestos 11ntnos 
...,.ally art 1ttffer,•re brittle, end •rt highly antsotroptc, 1., •• 
tlltfr properttes are senstttve to ortentatton, wlltch ca, protfdt 1tt1chant 
challenges. 

Frfctton-tnductd vtbr1tton and nots• c1n occur under SOIN condt­
tfon1 wtth vehtcle braktno syst•s. The phtn .. non has rtettvtd consider• 
lblt attention, and att•pts 1r1 norw1lly llldt to quantify the per .. t~rs 
that tnfluenct tts tntttatton. In the ftnal analysts, however, thts phe• 
flOINflOn ts usually ev1luattd t1pertMnt1lly on I IIOdtl•by-tlOdtl bests. 

AlthoU9h tllt prtnctplt of sltdtno frtcttor 1s 11t,....ly ccap11-
cattd and not totally understood at the present t 1111, tt ts known that 
fr1ct1on ts not a steady-st1t1 process. Vibration occurs because of this 
vartatton tn frtctton force tn tht rtlattd ccaponents. It ts also known 
that frtctton•tnductd vibration occurs vta several different yet distinct 
achantsas. It ts possible to havt ac,re than one vtbratton-e1ctttng 
..chantsa acttve at a gtven tt1111. Thts ••kes brakt vtbratton corrtcttons 
coap111. SOllt non•a1btstos friction ••ttr11l1 tend to bt ■ort prone to 
oentr•t• frtctton 11ctttd O1c111attons, for as yet uncertain reasons. I~ 
11 felt that ~httr generally greater energy 1tor191 aodulus (stiffness) 
Ind lower energy loss adulu~ (d•pen1ng) ,,.. probable sources of greater 
tendencies for vtbratton and nots,. Asbestos ts •uth 11kt •any strands 
of rope tn a brake ltntng fon1ul1tton, although •uch finer in size. This 
11 bt11tvtd to provide tht greater 1nhtr1nt d•pentng of 1sbtstos friction 
.. t,rtals . Ftberolass, ar•td fiber (Kevlar), stttl wool, wol1ston1tt, 
and other non•asbtstos rttnforctno fibtrs typ1ca11y art found as stnol• 
solid tl•ent,. contrtbuttng •1n1•1lly to tht 11n1no d•ptng factor. 

To cl1r1fy SOIII of tht •teh1nt11111 of fr1ct1on-1nductd v1bratton. 
the following sections discuss thtst ••ch1n11111s 1n 110rt dttt11. 
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1,1,1 ••·•Jt• 
At 1• brake application speeds, it 11 po11tbl1 for the brake lining 

111d drua or dtsc to stick tagetller for • short tt•, tw11t1ng up the vehicle 
...,,111• asHllbly. 1111ft the restoring torque builds up to the static 
brea-, ••1•, the ltntng 1g1tn s11ps •tnst the drua/disc. This sttck 
lftd ,11, cycle repe~t• rapidly, generating bralct cutter, groan, or squeal 
,t1tr1U•. TIits INdlan1MI ts attr1butld to • dtffertnce tn tht static and 
1tt111ttc frtcttonal t,,,.., and tlw! 1pri119-lilce restoring forces acting Oft 

brake cC111P0119nt1. The sticlt•slip •chani• produces• self•excttld vibra­
tion wtth dt1pl1c1111nt•ver1u1-ti• charact1rf1tt,1 st■tlar to a 11w-sh1pt 
fora. TIits ts the usual •chant• for low•speld brake ch•tttr, although 
ft can also 111st 1n the for1t of• higher frequency squeal. 

z.,.! .... tt,, Slope of the Frtctton Yelocttr CUf'!! 

TIits vtbratton 1nductng aechan1• 1rtse1 frOII I n191ttv1 slope of 
the fr1ct1N-ver1u1-111d1ng velocity curve ch1racte,-11ttc of c1rt1tn ••t•­
rhh tn spectftc speed r1ng11. This CIUHS tn1t1b111ty 1,1 the 1y1t1111 
and e1ctt11 vtbr1tfnt c011pontnt1 tnto nearly 1tnu1oid1l wtvtfor■s. An 
11pl1111tfon 11 based o~ ob1trv1tton1 that the br1k1 drua or rotor surface 
roughn••• a1per1tt11 r1qutr1 • f1n1tt aount of tt• to product ,qut11br1um 
defor'Mtton uf tht br1kt 11n1ng •ttr1a1. The t1•• that ts 1v1111bl1 to 
defo,. the ltntng 11 decr111td with tnc~t11tng speed, rtstrtcttng the 
ttat to c•press tht 11perttt11 tn tht frtctton a1ttrt1l. Tht,..11 1ff1cts. 
such 11 tnttrf1ct11 softtntng and changes of the cht•1cal C011po1ttton of 
surface 1,,.rs, 1110 havt bltn offtrld 11 an explanation for the caust of 
tlll M9ath1 slope of fr 1ct1oo versus velocity. 

The alaost 1t1nd1rd u11 of front whttl disc brakes for aut0111obtl1s 
has bltn dYI to ION p1rfor11enct c:h1r1cttr1st1c1 prov1dtd by th\S dtstgn . 
ltclUII thtlt hr1k11 Ind tht friction ••t1ri1l1 ustd with tht• (notably 
lt■1-att1111c1) can operate at h1Qhtr tt•per1tur1s than drUM br1k1s, tht 



.-1c1e•1 w.1• llll111ce c111 be shifted tolllf'd Ult front, f'lduc1f11 tlll 
111lt1thood •f ,.... •el 1ock•up during severe brlk1"9 cond1tions. In 
IIM1tton, stact ~11e front brats are 11polld to water, dtsc brtltts 
prowt• for .,. effective wet brlktng under Nny road conditions • 

.._, 1....-• aut.-1111 taported to tM United St1t11 have been 
ftttld wttll 4_..1 tahc ltr••· Tllere 1ppe1r1 to be throe r11sor.s for .,-u .. t .... brat• .,,t.... Ftrst, tt11 tffectivtnlH of dhc brakes 
ts 1111 1ffectlll ,, frtctio11 •ttrtal perfot"IHftCe thM tht 1ff1ctiv1M11 
of tar1111 ....... St•• Europe111 ufety st1nd1rd1 require front brekt biasing 
to prevent ,..,. .._., lock•up, tilts situation ts •re readily ensured by 
Ulf"I st■tlw brlll11 on 111 four Nfleels and ldjust1"1 the front•rear 
p,111ur1 ,roport1ell1fll valve eccordtngly. Front brake b1H1ft9 can • 
acco■plistltcl wttn veh1c1ts outftttld with rear drua brakes, but the dr1111 
brat•• require frtction ■1t1rtal1 that exhibit v•y stable friction 
perforlllnct in .....,. to tnlurt consistent perfora•c• (Figure 3). Second, 
in t"8 absence of 1uitlbl1 non-asbestos linings, s .. European ■tnufacturers 
elected to u11 provtn s•i••ta111c ■at1rtals and dtsc brlkts II a Mans 
of t11■in1ting •••tos. Til1rd, 1n tht United States, th1r1 1s • perceived 
perforwanct ldv111tag1 pr1Jvidltd by tht t,,.. •4•WIH1 dtsc brllcts•, and so 
such syst•• are usually provided on higher priced t■ports. Nore intxper. · 
s1vt auta■ob1111 produced for w1dt•spreld consu■pt 1on 1n Europe (Fiat, 
w, Rtllault, etc.) art st111 equipped with rear wlltel dna brakes. 

Illar -..1 disc brlkes have dtsldvantaoes. Currently ustd ••tt• 
rials, ,.1 ... t1111cs, exhibit poor friction perfo,..anct at low t...,.r1tur1s 
and optt■- perfo,..nct at high t•peratures. TM 1fftctiv1n1ss of the 
parking bru1.c1n N adversely affected, stnce these br1k11 are usually 
applied wn tht brak11 art hot and thtn required to hold as the brllcts 
cool down. Aho. tllt pad-disc no,wal lold for tht parking brak11 can 
dtcrllll IS tht pads cool dCMI and contract fr011 their hot, txpandld OIOIII• 

try. Tht rear disc braking surfaces also 1r1 ■ort prone to cont•1nat1on 
by IIUd and road debr 1 s thrown fr,·• ttil front whet 1 s. 
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I· QAUATJ• p n1cn• un114 ,..,,... 

TIii ,e,fo.....c• of fr1ct10II •teriah, 11 applied to autaotiv1 
WMI 1,st ... , 11 f'fl~lllld tn th11 NCt10ft tlOIII with tlll pertinent friction 
•t•1•1 testing dw1c•s 111d relwant testing proc11hns and standards. 

1111 ,-111ts ......... ted ••= 
• Fr1ct1on ■attr1als w• npected to perfof'■ 11tisf1ctorily 

ow•r a wid• range of operating and -,w1ro1•nt1l conditions 
11 an iaportant tllMllt ot tM total brlllt syst•. 

• fllny critical perfof'■lftCt considerations, such II fadt and 
fadt rtcowtrJ, are sensitht bottl to ttM friction ■1t1ri1l 
and to the brake syst1■ in wtlich it 1s tested. Th1r1fort, 
full•syst• testing is required for proper n1lu1tion. 

• Friction stability can vary with both ther■al and •chlnic1l 
history. TMrefore, short-ttr■ 1v11'11tions and those with 
n1rrow ranges of brake ttt1ptr1tur11 CM product inco■plttt 
data leading to erroneous conclusions on brake c•pettbi11ty 
and perfo,.anct. 

• Laboratory speci■lft tast aachints, such 11 FAST and F"TM, 
•r bl appropriate for quel ity control tests and ■1t1ri1l 
screening, but they art not able to dtttr■ int the accept•· 
biltty of substttuta friction ■1ttri1ls or to c•part differ• 
ent friction ■1t1rt1ls. 

• Full bf'akt inertial dyn-.ttrs, properly instru■enttd and 
utilized, cen bl used to screen friction a1tert1ls and 
d1t,,.tn1 SOM c•ponent perfo,.anct behavior. Typically, 
thest 11,vt and •pensive devices do not ad1qu1t1ly st■ul1tt 
the airflow over the brlkt and the 1nviro,.1nt1l cond1t1ons 

of vthiclt strvtc,. 
• Sood brakes art thost with ftw ■1nor faults. lr1kt devtl· 

opaent t1sttng ttltrtfore is tt■t cons111tnQ and costly, sinct 
• wide reno• of conditions ■ust bt 1v1luattd tn tht process 

of br1kt dtv1lo11111ent. 
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• F..,.11 llotor Vtlltcle Safety StMdardl (FWVSS 105, 121, 
Ind tM propolld 135) .,. Stvtrt•USlql brlkt tests Nhtch 
...... ,, ~:.t of .. , stlftdardl tllat NW (OEN) Ythtclt brut 
1y1t1111 .,,t ... t. No st1nd1rd1 nttd be Mt by 1fttrwwktt 
frtctt111111twt1l1. 

1,1 ...,,.., 1y11ytttp erttp;t• 

Frfcttoa •twt1l perfo,-nct for •tel• br1k1 syst•• .. Y be 

qualtfted by -tt119 tllt requt,...,.ts of the Flder11 Slftty St1nd1rds, 
SOctety of Autaattve Engt..,., (SM) rte- ended practicu, along wtth 
brllEt CCIIIPOftHt 111d vthtcle unufact11rer1' stlftdards. These txperiwts 
.,.. dtrtetld to autatzt safety, dtpend1b111ty, Ind CUltCllltt" Ht1sfact1on 
over• variety of tw-1kt operating conditions. For new v1htcl11, coaplt1nc1 
wtth fldwal 1nd st1t1 •tor v1htcl1 safety standards ts only the 1t1rttng 
point for 1ccept111c1 of• brake syst•. 

TIits sectton of the ,.,port dtscusses the crtt1rt1 and techniques 
used to deteNtne frtctton uterl1l 1uttab1ltty and ptl"forwanct. Full 
n11111tton of• frtction ■1teri1l requtrts tnsta111tion into• c•plet1 
brake systlll. It ts only tn the full brake syst• that •"Y of tht t■por­

tant brake ltntng attributes such 11 fide, fide recovtl"y, env1ron■1ntal 
effects, Md varying 11rvtc1 factors •Y bt properly deterw1ntd. 

V1111c1e brats are requtrld to operate under• wtde range of 
cond1t1ons, ,,.. stffp dCMlllh111 grade~ wtth a hea¥1ly loldtd vehtclt to 
■1"1M1 , .... Oft tntwstat, ht911f1ys. Ythtcle brlkel 1111st bl c•pletely 
reltablt 111d ••t N ■tnt•lly affected by taperaturt, wettr, or cont•t• 
Mtfon. lrlkt actuation forces sllould be properly dtstr1buttd, and bt"akt 
frtctt111 INllt bt conshttnt throughout the ltfe of the frtctton ■1t1rtal. 
'9da1 actuation forces should not e1ctld the cap1btltt1e1 of I w1dt r1ng1 
of drh•"· 

Yeh1clt brlktno ptrfOnNftCI Clft bt closely rtllttd to 1011 of 
dtrecttonal control tn vthtclts. Undel" sktddtng concltttons, the tendency 
for "'"1 lockup tn SOM brakt 1y1t•s can ••e control 1 tng the vehicle 11or1 

dtfftcult. Ccatrctal vehicles w1th lowr bl"ake effecttvtnt11 havt bttn 
shoWI to be 1111 ltktly to encounter 1011 of control 1n 1cc1dtnt1, presu~­
ably dut to lower usage 1peld1 and rlductd tendency for Nhttl lockup (2). 
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Yir1et10ft tn tlll front-to-re• brue b1lance, due to changes 111 fr1ction1l 
perfonNnCe, •Y ldversely affect ufety through r•ucld directional control 
• stopping efficiency. The subject of vthiclt brake sy1t•1 is discussed 
in IIOf'e detail in Section 2. 

SectiOft 3. Z of tM r•rt describes SON of tlll •re 1aportant 
frtctt• Mttr1al ptrforuKt clllracter1ltic1 that are evaluated during 
or1ttft1l ..,11111111t ~llf•cturtr <•> brake syst• qu1'1 ific1tton txperi• 
.. t,. TIIIM include: , ... llstltlllCt, Fldt llec:ovtry, Dtlaytd Fldt, 
lffectiveess Ytr1u1 __., Frtctton Stability, Wet Friction, Noisturt 
s.nsttivtty, and Weer late. Each of tlllse iaportant perfon11nce ch1r1c­
tertstics will bl htghltgllttd in the following sections. 

J. 1.1 fide 111 tstance 

lrlke fide refers to• 1011 of brake efftctiveness, generally 11 
tlle "'ult of excessive brake t•per1ture1. Such nce111v1 t•per1ture1 
•Y occur under herd brake usage conditions or under 1111 stringent condi• 
t10fts, should ca1pontnt cool tng be restrtctld. lrakt fide ••Y occur 11nd1r 
parttcularly hazardous drtvtng condtttons, such 11 dtscendtng stetp and 
wtnding •111tatn roads. Ftvt types of brake fldt have betn described: 

• lMrMl·•due to high brake 1y1t• bulk te■per1tur11, 
• 1111,ed••due to resin aigr1tion during brake cooling, 
• lltster•-due to effects of n11r•1urface lining blisters, 
• Flasll••due to high spnd, high torque d•and bralttn~, and 
• llter••due to partial lubrication froa weter cont1■tnatton. 
Fiprt 5 shows • perfoNMCe ca1partson between • good frtctton 

■aterial and a poor ■attrial. The poorer friction aateri1l txh1b1ts • 
•r• rapid drop-off of brake tfftct1vtnHI, CCIIPlrld with tht bitter ••te­
rial. Since poor brake fade behavior could also be txhtbittd by high 
quality •teri1l1 tf used 1n tnapproprtate brake 1ppltc1t1ons. brake ltntng 
fldt 1Mh1vtor ts •an1ngfu1 prt■artly in tht context of• particular br1k1 
11n1ng, brake, and vehtcle 1ppltc1ttc.n. It ~hould be notld thet 1ltho119h 
thtse curves are continuous, tlle drivtr 1ppli11 tht brlk11 at dtscr1te 
points along the curvt. If tht 11st appltcatton h1pP1n1 to be on tht 
•tnttt• of• perfo,.anct curv1, then tht n1xt br1k1 1ppltc1tton will yt1ld 
dtfftrtnt and 111exp1ctld brake 1y1tN respon11. 



lralllTlfflPIIOtUN 
FIGURE 5. FADE CHARACTERISTICS OF GOOD AND POOR 

BRAK£ FRICTION MATERIALS 

Tin (Coolinl llrdll) 

Fir1URE 6. FADE RECOVERY CHARACTERISTICS OF GOOD ANO 
POOR BRAKE FRICTION MATERIALS 
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Fide ,..co,,,ry rtftrs to the lb111ty of tht friction •attr1a1 to 
quickly reo11n no,..\ tfftctivtness after fide. This r1covtry ts shown 
tn F~oure I. As the brallt cools with ti• 1ft1r e1per1tnc1ng fldt, the 
frtctton 1ftt1 should return rapidly to 1ppro,t•t1ly tht pre•fldt ltvtl. 
Poor frtctton alttr11l1 •Y t1htbtt slow rtcovtry, c•partd wtth good 

frtctton Mttrtals; and My product t1thtr a decrtast or 1ncrtast of br1kt 
tffecttvon111 as• lasting consequtnct of tht fide. 

Dtlayed fldt 1s I phtn•enon which uy occur with SOM friction 
Nttri1ls. Thts phtn•enon is tllustr1ttd tn Ftou,.. 7. During fldt rtcov• 
1ry, brlkt tffecthtnns •11 drop untxpecttdly, causing I tMPor1ry but 
potentially l\lllrdOUI 1ncrt1St of required brlkt pedll fore,. This •d1l1ytd 
fide• ts tns1d1ous tn that tt ts often tot1lly unt•ptcttd. It occurs 
well 1fter a period of hard br1ke useoe ind usually with no w1rning sign,. 

J •. 1.4 Irate lffectt,-,,, ,.,.,.,, stnf C!!fractrtsttcs 

To tnsure even brtktng over I w1dt range of stopping spelds. tht 
brlk11 on tech 1111 should txht~.t si■tlar eff1cttvtn11s ch1r1cttr1st1cs 
1t 111 Ythtclt Sptlds. In gtntr1l, brake tffectivtness dtcrtlltl wtth 
tncr11stng spetd. Consequently, 1 br1k1 1ppltc1tton froa 60 •ph usu1lly 
requires gre!ter brakt ped11 effort then frOII 20 aph. lood br1ke linings 
prov1dt less spttd spreed, or dtfferenct 1n eff1cttv1n1s1 1t difftrtnt 
br1k1"9 speeds, and good br1k1 syst•s •ploy friction Mttr11l1 th1t 
prov1dt I proper b1l1nce of front•to-rt1r br•t eff1cttv1ne11 1t 1n1 
spe~. F1gurt 8 shows tht gen1r1l r1l1tion1htp bttwten br1kt 1ff1cttv1~,,s 
and dtctltr1tion for br1k1s with poor ind good •speed spread• perfon1.,c1. 
As 111ustr1ttd, tht tfftctivtntss 1t 75 ~ph ts ••rktdly dtfftrtnt frOII that 
1t 25 ■ph for this brakt, using I r1l1ttv1ly poor friction •1t1ri11. Oise 
br1kts 1rt 1nhertntly 1111 spetd ,tns1t1vt then h1gh•servo•factor drUM 
brakes, so they typtc111y show less spetd sprtld. 
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FIGURE 7. Ol:LAYED FADE CHARACTERISTICS OF FRICTION MATERIALS 
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FIGURE 8. SPEED VERSUS BRAKING PERFORMANCE CHARACTERlSTlCS 
FOR GOOD ANO POOR FRICTION MATERIAL~ 
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J.1.1 Frtctt• 1t•11ttr 

To lftlurt con11ltlftt veh1clt brlk1nt perforunce, the brlkt tff1c­
t1ven1ss cw1ctert1t1cs should bt 1t1bl1 throuohout the life of the brake 
ltntngs. ,1,ure t show the d1fftrtnce betWNft I poor ■1ttrt1l Ind 1 
toOd •f.ertel 1ft thh regard. TIit brake efftcttvtneu of poor friction 
111tart1h c111 dtttr_1orett w1th 1ccuaul1ttd utt history and war, 
II 1M1Clt ... 

GIi vetl1clts equ1pped with• balanced set of frtct♦on a1ter11ls 
on 111 four brakes,• gradual reduction 1n brake tfftcttvent11 ••1 be a1rkld 
only by• slight tncrease tn pedal pressure to dtceltratt the vth1clt, 
but brllEe stlb111ty w111 be t11tntt1lly unafftctld. However, on vehicles 
111P10J1"9 two unaatchtd friction a1tert1l1 on the front end rear axles, 1 
shtft in tffectiven11s of on, br1ktno axle rel1tivt to tht other will 
elttr a.rlk1ft9 balance and could adversely affect control l,1b111ty of the 
veh1c1t during hard brtk1nQ. 

,., .• l!t frtctton 

1"' perfo,,.tnct of vahtcle brakes nn wtt ts 1 11gn1ftc1nt s1ftty 
concern. Disc brakes usually,,., less afftetld by w.ter then 1r1 dru,a 
br••• 1a~ge1y because of the lower intler~t servo f1ctor tn disc brtkts. 
Nowevtr, both disc end drua br1kes ctn show 11,01 tffectivtntss toss,, 
an wet. 

At eapecttd, poor friction •1t1r11ts ctn provtdt I gr11ttr loss 
of efftct1vtt1e11 and t1k1 • COftSiderably longer t1•• to rtcovtr fr1ct io~ 
c•b111ty, wn wetted, than 11peritnctd by ,aood Mat1ri1ls. This is 
,.._. in F19urt 10. ,,,..lbtltty. htttrOQtntity, and CClllprtssion stiffness 
art ... of the breke 11ntng properttts which a1t1rw11n1 wtt friction 
rtlpoftH. Caplett under1t1ndtno of this bthtvtor 1s not known, so full 

brake dJftl■-lttr end vthtclt test, art usld to 11t1b111h tht wet fr1ct1o~ 
btbav1ors of • brtltt tyltltl. 



Liinl-.m.••" 
FIGUltf 9. FRICTION STAIILITY CHARACTERISTICS OF BOTH 

GOOO MO POOR FRICTION MTERIALS 

- Time 

FIGURE 10. WET IRAKING PERFORMANCE FOR GOOD AND POOR 
PERFORMANCE BAAKING MATERIALS 
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LI,' 1111s,r, "911t1,tt, 

Fr1ct10ft 111t1r1ah are porous, f1ber•re1nforcld c•po11tts that 
.,., CIPlblt of lbsorb1119 ataolphtr1c •tsture .._ • velltclt 11 parked, sue._ 
• ., ..... llt. For ... fr1ct1on ■ater1ah, tllh •tsture ties bNn sllowa 

te 1w w•• tffectt..-11 t ....... arn,, l11dt111 to • ,ti••••,.,. c11lld 
._...t111tck11111•. OtMr ■orn1ng 11ckne11 effects result fra rusting 
of tlll c11t tNNI d11C/dNI surf1c1 _,. • velltclt 11 ,..kid for •- t1•, 
ca11t11 ... ,..11, 111 ... tfttttal brlkt 1ffect1,..... Ulldlf' .... cM11t10ftl, 
1t 11 pos11blt for ttle frtciton ■1t1rt11 to btc- rust• 
NMed to ttle e11t 1roft. SUblt1nt11l drh1ng torque ■IJ bl r-.,tred to brtlk 
the tnt1rfac1 fret, Md tM rusted surf act of t"• brlkt dru■ or d he ••1 
g1111r1t1 • t1t1por1r11y uneven brakt torqut. 

Figure 11 dtp1cts t"• tfftct of 110i1turt Slfttitiwit1 on brakt 
1ffectt,1n111. TIii tel111 brake 111tllbly e1hib1ts ltttlt or no 110fsturt 
llftt1tt,tty. When prt11nt, it u1u11,, persists for• ftw brake appltcations 
• d1s1ppe1rs -"tn brlkt Mlt drht1 ttlt IIOhturt froa tM brtkt 1 ining 
or ••r re■ov11 tht 1urf1ct rust. 

Vear r1tt1 of friction ••t1rt1l1 depend upon te•par1turt, pr,or 
1111, spelCI, and load. In oen1r11, war 11 directly proportional to applied 
ft0,..1 load Ind spetcl. At IIOdtrltt brlkt drull lftd dhc ttllptr .. turtt, 
frtct1on ■1tert11 wet rates are not effected greatly by tt11Ptr1turt. 
-.,er, 1t h10" brlkt tMper1turt1, weir of the fr1ct1on 111ttrt1l ••1 
1ncrtHt 11ponentt11ly dut to the,.111, induced d19rld1tton of Utt ot"Qan1c 
resin binder ■1t1r111(l). 

F19urt 12 show rtprt11nt1tivt weir perfon11nct for thrtt difftr• 
tnt types of friction •ttr11l1. Low qu1ltty 111t1rt1l1 ••Y ut1ll:e an 
1nftr1or bindtr r11tn (wtth PN)r Mil r11i1t1nc1), prov1din; a wtar curvt 
11kt that labtl~td •A•. This 1111 ;iwt 1cc1pt1blt w11r rat,, ft low brakt 
ttap1ratur11, but rapid war rites 1t hi9htr br1kt tt~ptrtturts. OE~ 
type Nttri1l1 bthtvt 11kt curvt •••• Ind htlvy duty br1kt ,1~1n;s Wf.lr 11~• 
curvt •c•. Nott th1s h11wy•duty 11n1ng dots not 1~provt wt1r 11,,. t•ctpt 

at tllt h1Qhtr br1kt t•per1tur11. 
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FIIUltl 11. lFFtCT OF MOISTURE SENSITIVITY ON 
MAKING P[RFOMI\NCE 

A 

TlfflPIICltW't 

FIGURE 12. WEAR PERFORMANCE FOR 8RA~1NG MATERIALS 
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Stnc• tlle full ...... UINbly ...,,.. .... t, a trtbologtc11 ,,st ... 
urftc• cofldtttoas 1t ••ell COllttcttng tnttrfac1 (brake dna/Hntng 1nd 
....,,t,c) w111 '~11flutt1Ct brae ltntno war NIIIYtor. For •••pl1, the 
... of w11tt11 tn ttle fr-ictton Mttrtal MJ praot1 bro, dna and/or 
WIN •Use ....-. -- tlll at of MCII Mttrtal I MJ IN rfC1111rld to ac:"11vt 
• ••• Wik• tfft'Ct1v1MS1 or to ,....., 11111111 trMtftr layers or rust 
,,_ tu cast tr• ,urf1c1. 

•••• "'tcttp ...,..1,1 9!!11ftcatt• 

Qulltftcatton of friction ut1rt1l1 for vthiclt service usually 
t11Wolve1 bottli dyn•-ttr 111d weta1c1• t,sttng. O,n-ttr 11pert•nts 
..,.1t controlled, fully tn1trlalflttd brllct ltntno t11tt119 in• 11ft •nd 
cost-efftcttvt aanntr. Vtll1clt t11t1 1rt conducted to vtr1fy tht rt1ults 
•tatntd throvgh full brake dyn-ttr t1ptr111111t1 end to 1nc111dt tht 
... , condttton1 tttat 1rt not suitably 1v1lu1tld Of\ 1 brtkt dyn..,..ttr. 
1lle Mxt stctton of ttlt report dhcus111 t11t proctdur1, to qualify frictton 
Mttt11h. 

Llbor1tory spec1Mn t11ttno ■achtnts 1rt coaonly ustd to charac• 
te,111 111d 111dtt tht qu11tty of fr1ct1on •t1r1a1,. u11no sp1ci•1ns of 
full brllct 11n1n91. flit ldv1nt1911 of u11no 11-.0rttory 1yst11u for •~•,u-
1tt011 1nc1UCS.: (1) 1ut .. tld t11t1ng, (Z) cartful control of op1r1t1n9 
cofld1tton1, encl (3) faster N11ur-.nt of brakt 11n1r19 ch1r1ct1r11t1c,. 
1ft ldd1t1on, laboratory 1valuat1on1 u11no a 1pec1 .. n tt,t art ltu costly 
tMlft fu11•sc1l1 brlit dyn ... ttr or vth1c1t 11perillltfttt. 

Nulll..aut laboratory ■ech1nt dtS1f"S art ustd to dtttrtft1ni fri;tiOfl 
propert111(4J. Tlblt 3 111t1 four of tht aost cOllfflOn ttst machine, and 
test proc"u,11 01ntr1lly usld with 11ch of thtst ~•ch1nts. Tht nt•t 
11Ct1on of tht report br1tfly dtscr1bts thtst four ttst Mtchints. 
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TMLI l. UCNl•S FOi FIICTION IIATEIIAL EVALUATION <•FEIENCE 3) 

a,,er1t111 llntr11 Tett "'°ctdur• 

(1) Fr1ct 10ft IIMltalftt scrttft1fll 
tnt Mdl1M (FAST) 

IO ■1nutt FAST QC t11t 

(I) Fr1ct1on ■1t1rt111 t11t SAE JHl• qu111ty control 

'"'"") ■-ch1nt t11t proctdwrt 

(l) 11rl1ftl scalt dyn__.t,r S1au11ted vttl1clt rold t11t 

,., Full brellt 1Mrt1a dyn•.-t•r S111Ul1ttd vth1clt rold te,t 



• 
LLJ "'tcStp M!!!..,.t 1c, 111,- !al 1,arr1 

TIii FrtcttOft AINl-t SCt'Nft1111 Test (FAST) atctlifte w11 dtvtl­
- _, FM llltor Ca11n1 1pectftc111, for r11»td •ftnoer,.-tnttno• of 
frtcU• •tertal IIIIC ...... It ts ••• for t11-plant cau111t, control of 
chltdl f•1'11• • brlllt 11111111 • - s,ectaltnd frtctfOII ■1t1rt1l 
1e,wt111 • 1111 .... ttc t11t1. A 1.SO-t•.-141111" spectw ...,-111, ts 
--• Nt 11111 .. ...,1,1 11P to 1.00-tacll•---• CM M titted. Ttle ... 11 • 

nat --,11 111we1 rapid ••-- ... t1111 te tlll flat. cast tron test 
dtac (l.l•tllcll tlltck/7.t-tncll dt-ter). OINlttJ COfttrol (OC) tests run 
for N ■t.tn. wttll tM frtctt• ......... ,. to I COftStlftt ,11111. 111th I 

coa1t111t r.-1111 •• < • f'llltl 111d COftltlftt frtct ton drag. tllt llorsepowtr 
dtsstpetld h also tOftStlftt • prow1d1fll ,..._atlblt t_,.,,t..,..•t1- tthtor111 
(70 to HO F for QC). OC tests ere oftlft ryn on ,,ery bltctl of frtct ion 
■1t1rt1l 11 tlle ltntnos are ftnt,..., at tllttr ■anufacturtng sttts. 

Nowver. the ... 11 FAST s,-ctNft precludes conftdtntly 111k1no 
corrtl1tt0ft1 of laor1tory perfof'Mftet wtth full br1kt bth1,tor. Thus this 
111ellt11t ts usld prtaar11y for routtfte br1111 l1ntn9 OC tuttno. Spec1111.td 
cwecttrf11tton test procldur11 art aostly proprt1t1ry. end rtQutrt ••~r­
ttst for proper 1,11111tton. 

111111 thts IIIChtnt rtporttclly ~•• b"" ustd to ptrfo,.. friction 
•tert11 ICrtlfttng tests. tt ,...,., ~, betn r•c-tndtd H • substttutt 
for full-acalt brat 1v1l1i11ttons. 

!,J,I Frtctt• lltertals Test lllclltN (FITII) 

TIits tpp1r1tus. dtvtloped by T. P. Ctt111 of Gtn1r1l Motors, usts 
• arc•Nped l·1nch•scau•rt spec111tft of brake linino ••ter11t, Mhtch 1s 
forced against the tftttrnel 1urf1c1 of I rot1t1~. ll•inch di•tttr, cast 
iron brat dr•. Au1ilt1ry h11ttr1 end 11r blollftrs art ustd to provide con• 
trollld br1kt drUIII tt11ttno end cooling r•t11. 

Tht FNTN 1s 11 SO Ultd for qu1l tty ,:ontrol test 1no . SAE hU 

dt,eloped • r,c ... ndtd prectict (SAE J6611) thet is cl11sifitd 1s • que!1ty 
COfttrol t11t p,~ctdurt on tht FNTN. This tt&t rtquirts 11t0rt test t ime 
Ind tlptftll than tht FAST QC procedure, 11nct it 1nClijdfl ,1~ul1ttd burnish, 
war. tfftct1vtntss, fldt, end rtcovtry procedure\. It is ustd mort tor 



.-rt•tc IC •'"•111.c• testtne. t• fot rwttu JP'Oduct1• batctl test 1no . 

....,.,1 lllton 111d etws 11 so llht developed spec 111111d test tno procedures 

for t¥11111t1ftl ••• 1t11t1111 Mttrt11s • tilt Flffll. 
laSIII III tlll SM JHl• IIJf'OClll•re• • Witt 1tnt111 friction r1ttno 

1111Ciftc1t1• Ills_. ,...1,_ 'Y ... 1tet11 for..,., years. Mowver. 
tllts Wlllt 11•111 ratt11 •r•ta Mt .. ..._ to N clearly fn...,.tt for 
-1tlgfu1 e111111r1ttwe testt111 wft" dtfftreftt t,oes of cla1st1 of f,1ct1on 
....... ,.. TIit SAi NCI■ ..... practtct JIM (NVflld 1ft llarctl •• , • 

tacl•• tllt1 cllltt• ... tast Mell 111e1: 

llte: It ts __..,11td that ttlh rtc_.dtd practice d0t1 not 
11tlbltlll fw'tcttoa ,...1,_t, for br1lce 11111ftll, nor does 1t 
dl1t9111te t11"1ftc111t c9'1ract1rt1ttc1 of btltt 1111191 .etich 
·••t bt COllltderld 1ft 0Wff'l1l brake perfof'INftCe. Out to otMr 
f1ctor1 tut 1nc1uee brlkt syst• deston lftd ooer1ttno environ• 
Nftt. tM frfct1011 coefftcflfttl obtatnld fr• this rte ... ndtd 
pract1ct c111not be reltably u1td to pt·ed1tt br11c1 1y1t• 
perfor■MCt.• 

Ttchftfc11 ,_.,., tie~• pointed out tllat laboratory spectlllft tests, 
111et111 ttlose .ettctl ust ttlt Atnt, do not provtdt acceptable corrtl1tion 
wtt" act1111 v•tclt or brllEt d,n1■D1Nttr 11rv1c, Nhtn non•11be1to1 or 
•••to1 ltntnos art 1v1l111ttd. D1fftrlftt cl11111 of non-11bt1to1 brtkt 
1tntno1. such II non-nbestn Df'l•1c (NAO) tfk1 seat•t111 tc (1•1111t), 

prov1dt conf11ct1"1 trtftdt as •11 11 dtfftrtnt lbsotute values of frtct1on 
on the ~n•~• lllth1ftt(S). 

The 11rl 1"9 Seal• Dyn .... ter h 1n 1pp1r1t11s ""'1ch tMp1oy, 

scaltd◄own br1lle c•pon•ts. A ••l l brake disc h aounttcl on tht end 
of I rot1t1ng shift .etich carries 1ntrt11 disc, sized to ensure that tht 
1c1ltd d1sc P• will absorb tht , .. 1aOunt of tntf"OY per unit ,,.ea n • 
full•statd brake disc ped. TIit friction •••Plt fs pneum1tica,ty loaded 
111tn1t tllt rotat111CJ d1sc and I torqut control 1ystf'!I 1s uttd to produce 
a rtpettttvt, c0ft1t1nt dectltratton dreg, 

Scat brake ch1r1ct1r11t 1c1 sc1t1 by 9t011tttry 1nd others art 
governed by 1b1olut1 physical s1tt. Con11qu1ntly, t•ptr11nct is rtqu1rtd 



.._ •1"1 • scale 41evice te M 111w• tllat u .. 1c11111Q procen 1tM1f has 
•t eltertd ,.,.,o,.11ct dlaracter11ttc1 of tbt bratt ••••11. Thtrtfort 
tilts dtvtct, 11 w11 • tlle otlltr tpitct_,. tast dtv1cts, can product 9ood 
test results only•• uttltze,t by a person with 11perttse 1n such 
..-ctaltaed tests. 

A full brllle ~Jftn1■1ter 1teul•te1 vllltclt brattne by aounttno 
• c•l•t• bralct 111•1, to• 11,ve rot1t1flg, 1ntrt1a11y loldld shaft. 
1111 1Mft's 11ert11l 1Nd1 .. ts usually ldjusttd to st111.1late the 1ctuel 
road tnertta. Ftture U sllows I schlMttc of 1ft tn1rtt1l dyn .... ttr . 
... , tnerttal dp1■1J1Nter1 art dtstgnattd by the nUllbtr of ands, stations, 
or br•t 111•1 tts tblt Clft bt ttstld 1t OM tt•. Nost art s tnvlt ended 

for testtflg • stnglt w••· 
Doublt•endtd dlfll■ antttrs, whtlt capeblt of st■ult1nto11s test tno 

of t.o ,,ates, oft• are us• 11 stnglt•tndtd br1k1 dyn .... ttrs so ont 
test 11...,1, can bt tnsta11td as tht other ts bttno ttsttd. Only I ftw 
fNr••• brlkt d7n•-t1r1 hevt bttft built. It 1s difficult on 11u1t1plt 
1t1tton dpaalllttrs to coatrol the 1tr flow for b1lencld brakt coo11ng. 
"°'t wlllt d,n ... tert place •ht bntt 111Nbl t11 1n clostd d11cts, both 
to ••••11tt coo11no lflCI to control l■Okt Md Odor. Stnct fut,, cool1no 
r1tt1 hlttlft test 1fll, ••t dyn••ttr t11t1 hlvt •11ch gr11tt, t1r flo-, 
IIMI rtsultant coolt"9 rates than,,., found tn on-rold t11t1no. Conse­
Qlllfttly, brekt dyn-ters wt ustd IIOttly for controllld war ttsts. 
baste tfftcttvtt1111 tests. tntttal fldt/rtco11ry ttsts, ind park1"0 brake 
ttsts. 

Full brtkt d,n--.ttrs art 1v111ablt 1n • rano1 of ,1zes with 
1ntf't1al cop1e1t111 ranging fro■ ••tntcar• to •111xttruck•. Thtrt are no 
stlftd1rd1, 10 al110st tvtry unit 1s d1fftrtnt. Oyn1111011tettr-to•dyn1mometer 
dtfftrtftCII tn test results can be s1gn1f1cant, tvtn for c1r1fully 1111tchtd 
lintnos and ~r1kts tested to tht 1111t 1ntrt11 loodino. Consequently, ccm­
parativt br1k1 11ntno t•st d1t1 ts pr1ftr1bly obt11ntd fr0111 • sin;le brakt 
dyn .... ttr. 

Nuch of tht d1t1 difftrtnct btt~ttn various dyn11'110ffltters results 
fr• ustno brakt 11nino thtf"'llocouples to control the br1k1 t11t . as required 
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rIGl JRf 13. c-r H~MATIC or INERTIA LJ YNAMOMETER 
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in the FnYSS 121 dtnamometer procedure and as speci fied in most other 

procedures. Sionificant brake drum temperature variations occur with 

semimet 1nd semimetallic linings. compared ~ith conventional asbes tos-oa)ed 

materials when .ontrol is t"ly the lining te,11perature. Even different for'l'lu· 

lations of tfle same general type exhibit test drur, temperature differ­

ences, especially if they vary in •tallic content. C•Jrrent brake testin9 

practice now f,vors measurement of the cast ,ron temperature for test 

control. In this way differences of lining thennal conductivity do not 
significantly alter the tlmperature of the major heat , ~. the drum or disc 

mass. OrUII t!fflperature measurement requires infrared k ~trv or thermo­

couple slip-ring assemblies. "ost good brake dynamometers now permit one 

or both of these instrument refinements. 

Burnishing conditions also ~ffl~t the te~t results with most dr,~ 

brake lin ings and blocks beinQ sensitive to their initial usage h tory. 

When dru~ temperature control of the burnishing operation is provided, 

the test results are clearly better. 

It now appears possible, with proper instrumentation and gooJ 

-:ontrol on the burnishinQ procedure, to perform meaningful friction mat.erial 

screening tests on f~ll brake dynamoneters. 

Except for replicating airflow over t~ 0 brake and environmental 

conditions, such as water and Ol•St contmninat,u'1, full brake dynamO'neters 

now can closel) duplicate mcst vehicle in-service brdking conditions aid 

are inYaluable for brake diagnostic testing. They can be excelleit for 

initial t:--ake lining screPning tests. However, they arc not suffir1e,· 

to fully evaluate the acceptability of substitute brake linings. 

3.4 Correlation of Laboratory Test 
Tesults With Vehicle Test Results 

Nu~erous studies have been do'le to deteminP the correla~ion 

between laboratory friction material test results ~nd actual vehicle tes· 

resultsC4.5,6,7.8). In gPneral. the 0nl 1 good analogy of d veh ·cl~ ~ra~~ 

is the brake it~elf. Consequently, tne~e are 10 specimen or ~~J 1 ~ tPst 

devices that can c0nsistently yield le~t dat~ that correlates w,tn fu :1 

,ehic1e perfonnance data. 1his does not medn tha• sucl-i laborat or; tt>c;t s 

are useleH--just that they s~ould not be uc-,ed to vredict f1ellj pt->rfor'll-



lftCe b•hev1or. TMy c1n end hAve been used to screen friction •aterial 
for undesir1ble perfol'lt1nce flews. 

Even tests on full brllte dyn111011eters are difficult to correlate 
with on-rold vehicle brake perfo,...nce unless c1refu1 1nstrU111ent1t1on and 
test controls ire ustd. It should be possible to correlate full brake dyna­
... ttr test results with on-road d1t1 without need for questioneble cor­
rtction f1ctors. This his bttn 1tt•pttd by •eny, published by few, but 
not yet verified by anyone. 

3.5 Ftd•r1l 11"1k13 @;!;1rWftts 
ind Othir ir1 e •sts 

As indicated in previous sections, the qualification of vthicle 
br1ke syste•s ind friction materials can involve nu•rous experiments to 
determine effectiveness, stability, fade resist1nce, 1110isture sensitivity, 
wet friction, 1nd other perfonaance parameters. Salte of the brake per­
fol'lt1nce criteria ire detenained by Fed•ral Motor Vehicle Standar~s (105· 
83 1nd proposed 135 for hydr1ulic brakes, 121 for air brakes), while other 
perfor"ffl1nc1 standards ar! detel'ltined principally by the standards of the 
vehicle end friction product menufacturers. 

This saction of the report discusses the Federal Motor Vehicle 
Stfety Standards now in effect and proposed for hydraulic and air brakes. 
In lddition, 101111 of the nunterous SAE brakt test procedures used to evaluate 
brake system and friction product performance will be discussed. 

3.5.1 Ftderal Notor Ythiclt Safety Standard 105 

This federal st1nd1rd mandates hydraulic and parking brake per­
fon11ance under specific vehicle operat1no conditions. Under the provi~ions 
of this standard vehicles under 10,000 lbs oross vehicle weight are te~ted 
to one set of procedures, while vehicles over 10,000 lbs gross vehicle 
wtight ire tested to a different set of procedures. General specifications 
art designed around stopping distances for braking with minimal tire skid• 
dinQ. Brake use tends to modify friction material perfonnance. for this 
r11son spec:fications are 11stfd for new (pre-burnished) and conditioned 
(burnis~td) friction materials. 
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FMYSS 105 outl 1nts brllcing r•q1,ir•1nts for vehicles br1kino unde,. 
ln•l. 1tr1ight. dry. ,iitn P1v•ent co,td1t1ons. Requireaents for vehic le 
wt braking as well 1s parking brake perforw1nce on grades ire also 
outlined. T1ble 4 lists the gener11 c1tegori!s of tests ind the evalu1tion 
criteria used to det•raine brake ptrfon1¥1ce. Specific braking requirf!Hflts 
are outlined in the following s•ction. 

l.5.1.l stopping Distance llguirwnts. FMYSS 105 outlines 1 

seri•s of t•sts for brake effectiveness 1nd dictat•s required stopping 
distances without -,heel lock-up for p1ssenger c1rs. vehicles (non-pessenoer 
cars) with GM of l•ss than a.ooo lbs. vehicles weighing between a.ooo 
and :o.ooo lbs. and v•hicl•s with I GYWR of greater than 10,000 lbs. The 
procldur•s d•scr1be required perfonn1nce for n~w brake linings and for 
burnished linings that hive accU11ulated a specified history of brake per­
foraanc•. P•rforwanc• r•quir1111ents for partially disabled brake systems 
also 1r• outlined. 

A~ndix A lists the procedures for evaluating braking systtm 
stopping distances under •non1a1• braking duty. The perfomance under brake 
fad• conditions is deter■ ined by ~easuring the brake pedal force required 
to stop th• vehicle und•r s•vere braking conditions. 

3.5.1.Z hrtina Brake Reguirwnts. The v•h1cle parking b,.ake 
■ust b• c1pabl,. of holding the vehicle stationary for 5 minutes on a grade 
(30 percent for c1rs. 20 percent for 1 ight trucks and vehicles over 
10,000 lbs). This c1n be 1cc0111plish~ in part Dy using the transmission 
to br1k• the vehicle. provided the parking mechanism in the transM1ssion 
■ust be engaged befor• the ignition key can be r@movtd. 

With respect to replac111ent friction materials, the ability of 

1lt1rn1tiv1 Nteri1ls to provide static friction 1tvels sufficient tc 
s1t1sfy these criteria can only be assessed by actual vehicle tests. 



TAILE 4. TESTS AND PERFO~"ANCE CRITERIA SPECIFIED UNDER· FMVSS 10~ 

Test Perfor::.:~ce Criteria 

(1) Effectiveness Stoppino Distance 

(Z} Fade tests Pedal force and deceleration 

(3) Wet brakes Pedal force and deceleration 

(4) Parking brake Pedal force/lever force 

General Test Conditions 

• Befor~ and after burnish 
• GVWR and e11pty 
• With and without failures 
• Befort and &fter spike stops 
• Before and after fdde 

• Pedal force needed to hold 
rt!Qu1red decelerat1on in 
repeated stops to heat brakes 

• Pedal force during cool down 
( rec ovf' ry } 

• (Did brakes return to normal?) 

, Pedal force needed to hold 
deceleration after brakes are 
wet 

• (Did brakes return to normal?) 

• Hold on orade with specified 
application force 
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J.5.r Federal flDto~ Vehicle Safety Stllldard l21 

Federal Notor Yth1cle ~•fety Standard 121 lists the perfor'llance 
requ1raents for 11r brak1no syst•s. These systMs are cmnonly usfd in 
heavy trucks, tr1ctor•trafltr cClllbinations, off-road vehicles, and transit 
buses. Thfs federal standard specifies rtqu1rcaent~ for stoppino distance, 
brake effectiveness, fide and rtcovtry, brake actuation tfN, brakt release 
ti•, and perking br1kt operation. For thest vthicles, brake loading can 
vary considerably, depenJing upon the Hrvfct conditions and cargo load 
carried by the truck or trailer. 

This stction of the rtport w111 be concerned wfth stopping rlis­
tanct rtquir .. nts and vehicle/dyn111t01Nttr exptri•ents needed to detemin~ 
these rtquir•ents. Currently undtr FNYSS 111 only intercity and transit 
buses art required to Met stopping distance requirt111ents. All other 
vthicles art txt11pt and do not require vehicle tests to satisfy FNVSS 121. 

3.5.Z.l Veh1c1~ lrak1na ExperilNftts. Vehicle braking tests are 
conducted on ltvel surfaces exhibftino different friction properties (as 
fndi-:attd by pav111ent skid r,umbtrs). For exa11ple, an 80 skid number refers 
to I gtntr11ly dry, concret,t surface, while a 30 skid number refers to a 
wet, polished concrttt surface. Vehicle loads are adjusted to replicate 
htavy (loldtd) or light (unlolCltd) conditions. Brakes are evaluated by 
braking tht vehicle fr0111 60 ~P'I and 30 mph on a dry surface with a skid 
nutlber of 81 and by orakino the vehicle on a wet surface with a skid number 
of JO. loth dry and wet pevntent braking are conducted under empty and 
fully loldtd conditions. 

8r1ki~o road test proctdures for FNVSS 121 are listed in 
Appendix A. Nott that in contrast with FNYSS 105 no decelerations are 
designated. Rold tests with ntw brakes are preceded by a brake ~ur~ishi~o 
procedure consfstfng of 500 brake applications. During burnishing, brake 
lfnfng ttt11peraturts are restricttd to 500 Ft SO F (Note that brake dru~ 
t•peraturt is not controlled--see 3.2.4). 

In lddftion to the regular system brakes, the vehicles must have 
1111rgency brakfno syst1111s capable of stopp1n9 the vehicle in the event of 
p,rtial Drake syst1111 failure. This requirement 1s similar to the FMVSS 



105 requ1r•ents describinQ brake os,.ration in the event of partial loss 
of hydraulic fluid. 

3.5.2.2 ParkinQ lrake Test. The parking brakes for trucks, 
buses. and tractor-trailer cClllbinations •ust be capable of holding the 
vehicle on a 20 percent grlde, on a concrete surface, under both t11pty or 
fully loldtd conditions in both directions. Initial brake application 
can bt achitvtd using air or hydr1ulic activators. Once actuated the 
1pplicat1on brak1ng loads •ust be ••intaintd soleiy by •ech1nital Means. 

3.5.2.3 Dynwter Testing for AIYSS 121. FNVSS 121 describes 
procedures for inertia dynM01Nter evaluation of friction materials. These 
procedures require the installation of a c011p1ete air brake assembly on 
the inertia dyn1m01Hter. Since stopping ~i!tance require111ents cannot be 
•••sured using an inertia dyna•0111eter, brake performance is determined b1 
Masur1ng brake torques and deceleration rates as a function of air pressure 
in the actuator. OynafflOlleter inertia is determined by using the inertial 
equivalent to the vehicle load on each axle. 

The dyn1111011eter test sequence for determining brake retardation, 
br1kt power, and brake recovery 1s listed in Appendix A. Trailers are 
only requ1rtd to pass brake retardation re1uirements. Service line pressure 
and calculated brake retardation factor are used to detemine acceptability 
of the ••tertals. 

3.5.l ~std Notor Vehicle 
t•hlcie~ty Standard 135 

This standard would replace FNVSS 105 for hydraulic brakes for 
passenger cars only. lt contains a shortened test procedure designed to 
be •ore harMonized with European regulations. Requirt111ents posed by the 
ntw standard which may affect friction material qualification are described 
tn the following sections. This proposed standard can be found in Federal 
Register, "•1 10, 1985, Vol. SO, No. 91, pp. 19744 through 19760. Later 
revisions are in FR, Jan 14, 1987, Vol. 52, No. 9, pp 1474 through 1474. 
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3.5.J.l Front Ir•• ltastng. Under F"VSS 135 standard. brake 
balancing would have to l , adjusted to ensurt that in the event of a brakirw, 
1itu1tton resultino 1n wheel lock-up. the front ~eels will lock first. 
for both• lightly-loaded vehicle and a fully-loaded vehicle. Currently. 
F11VSS 105 does not specify• wheel lock-up sequence. The brakino situation 
involves c1reful selection cf friction ••teri1ls exhibiting stable, repeat­
able friction perforaance couoltd with a properly ldjusted proportionlnQ 
valve. A vehicle desiontd with front-bias br1kino could bec011e unsafe 
over t1• if the brake balance sion1ficantly changed. 

3.S.l.Z Control Forc~s for lr1ke Applic1tton. Under the proposed 
st1nd1rds, the allowable pedal forces required to brake the vehicle under 
specified stoppino conditions will be reduced. Lower control forces may 
necessitate rtdesion of brake c011ponents on s0111e cars to provide oreater 
.chanical edventaoe, particularly to meet the requirtn1ents for perfor•ence 
with I failed power assist unit. 

3.5.l.l P1rktna lf'1t1 PtrfonNnce. Under the propos1d standard. 
the test orldient would be reduced from 30 percent to 20 percent. and a 
dyn1•ic test has been added. The allowable control force for applyino the 
p1rkino brake would be reduced. This particular requiret11ent may not place 
lddttional restrictions on friction material performance. A orlde reduction 
fr0111 30 percent to 20 ptrctnt represents a 30 percent reduction in toed 
applied via oravity 1n the direction of slope. In contrast. the proposed 
reduction in allowable control force for the parkinQ brake is between 10 

end 20 percent. 

er• s 

The Society of Aut011otive Engineers (SAE) has developed about 26 
recoiaended practices for checking the performance of brake lining systems . 
These standards cover aut0111obile, truck, and trailer brake system tests 
usinq both vehicles and dyn1110111tters. 

Prior to the adoption of FMVSS 105 and 121. the SAE procedures 
were intended to give s0111e suooested standard ouidelines to brake system 



1v1luations. Tht en1ctMnt of r:w.vss 105 as I requirt11ent for br1ke systet11 
cert1f1cat1on shifted the e11phasis of these SA~ procedures to the role of 
suppl•tntary tests that could be used to further qualify vehicle brakes 

and br1king syst•s. 
T1bl1 5 lists s011e of the SAE brake test code procedures. Various 

SAE docyaents outline test proctdurts. while others outline p1rfon11ance 

requir•ents for -•rious vehicle cl1sses. 



TAIL£ I , SELECTED SAE ftNICU NU£ TUT CODES 

SAl Codt Dtscr1pt10fl C-t, Vt"1c1t Afftcted Approval Dltt 

...... L1w1tor1 procedwt for H111111tt .. 
frtctf• 

Slfttr111, ,__,. to Ill•• poor 5/IHI • ,..1,td t/lt7l 
corre11tt0fl w1t" welltcle 
perfora111ee 

JM7 L1Mr1tor1 pr-.•w• for H11•l1 .. 
frtct toll .. tert11 perforaMICt •• 1"1 
M 1Atrt111 dJll-ttr 

Ftrst SAl reco••ndtd precttu 
for 111fft11 ,,n-ter t11tt .. 

4/lH! • rtwtltd 6/lMl 

Jl4ld VtMclt tut proctdwt for Hlhllt 1119 
••• srst• ptrforuACt 

l11ttlldN to ,..,11c1t• cw1tt•• 
of wttl1c1t ttsts required., 
F'1YSS lM 

,.,,.,.,r cars 1M 
ltg"t dutJ tnKlS 

l/lMI • rtw11N l/lt7l 

JHI ln••M ••tel• t .. t pro(Nwt for AA 11tt1pt11s1wt qi,tct test PIii..,. Clt'S 111d .,.,1, 
Wlllt srst• of Cl", ltpt trwch, Nstr.:9 to •••1N, 1A • cwser, 11t"t dwtJ tnKlS u, 
111d pessew:rr wt9'1c1es -, to f1• Oft wH1C1t pertt:T Welti .... 
11,0N I 1M stn tee wlllu. se -, for 

Stitt 1AS,-Ct10A Stlt10AS 

JIU L1W1tor1 test P,IM:NW't for d1111 • LaMratorJ ~Atrtta ,,...._ter) , .... ..., cars w 61ltH .... tM 1Nrt la dp-ttr wtrttOA of JN3' 11t"l dwtr trwc~s 

JNO lrllt SJSt• rat 1119 test CON latH ,._.r M10rpt10ft u,1• c-rctal wttltclts l/ltl5 
IIAffl bt11tJ of"-••• dutr wt9'1c1t ...... 
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4.0 P!IFOIIIANCE ATTRIBUTES OF FIICTION IIATEIIALS llN IN USE 

4. 1 Sect ton s•-..-,r 

This section present, SCIIII perfo,..nce cher1cttristics of known 
asbestos and esbestos•fret friction ■1terfels 1nd discusses tht fe1sibilfty 
of replacing the 1sbe1tos-b11td br1kt linings th1t ere currently used. 

lllin points brought out in this section include: 

• Friction •1teri1ls ere proprietary fon1ulat1ons, •Ille frOM 
specific cClllbinations of binder resins, reinforcing agents, 
fillers, and friction ■odifiers to provide 1ccept1ble 
ptrfon11nce in SOllt brake applications. 

• Chrysotile asbestos•blsed friction products hive been highly 
dtvtloptd and refined over tt\t past 80 :111rs. Their field 
perfomance attributes ert well known. 

• Non•1sbestos friction ■1terials presently 1r1 under 1ntensive 
dtvelopaent, but 110st have be~n conceived within the p1st 
dtcldt. Li■ited field service d1t1 is available. 

• Four classes of non-asbestos friction products exist: non­
asbestos organic (NAO), resin-bonded •tallic (s•1•ta11~c), 
sinttrtd •etal 11c, 1nd carbon-carbon. Only the s•i■eta111c 
ind NAO ••ttrials have shown pr011ise for COIIIIOn 1ut01110tive 
brake linino applic1tions. Semimttal11c 11ninvs art not 
reld11y 1pp11c1blt to drua brakes, except for heavy truck 
brake blocks. 

• Non-asbestos organic linings offer the btst potint111 for 
110st 1ut01110tivt friction material applications. However, 
dtvtlopatnt of NAO Materials is hanipertd by a lack of under• 
standing of the new r1w 1Httrials. specifically their spe• 
cial processino requir•ents and their full-service perform­
ance behavior. Sinct lining formulation is a proP"'ittary 
process, there is very little infon1at1on interchange on 
non•1sb,1tos 11n1nv technology. 

• No performance requir1111ents exist for afttrmarket fricti on 
products . Consequently, non-asbestos brake linings are 
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c0111erci1lly 1va~l1ble. but they lack field serv1ct dat1 
to 1ssure s1tisf1ctory perfo,,.ance for the full ranoe of 
1ut0110tivt 1pplic1tions. 

4.2 llltnNluct1on to Friction llteri1l Foraul1tfons 

Little h11 been published about the specific fo,.ul1tions of 
friction ■1ttrials. since they ire consfdertd to be proprietary c•positions 
by the friction Mter1a1 ■anufaclure". This section of the report reviews 
tht .ort CCallon fonts of both asbestos and non-a,bestos lining ■aterials 
1nd presents data reoarding perforwenct under vehicle or si■ulattd vehicle 
braking conditions. 

Friction ■at1rials for autOIIObiles contain four general types 
of inorlditnts: reinforcing 1gents--usu1lly fibers, friction ■oaifiers, 
fillers. end binders. Nost aut011otive friction ■1terials use thenaosettfng 
resins in their binder syst•s. These resins, often of the two-step (No~o­
lac) phe~olic type and gener1lly IIIOd1f1td for both processing and functio~al 
purposes, provide the •trix to bond the various constituents together. 
Internal pressures gtner1ted during processing and fide testing can reach 
1000 psi, so binder resins requirw good tensile strength at elevated t•P· 
eraturts. linder resins provide ■ore than just structural attributes to 
the brake lining. Tht,,.11 stability, friction level, fide, fide recovery, 
di.ension1l stability, wear lift, 1nd other perfon11anct char,cter1stics 
of the breke lini~ are deterainld, at le1st in part, by the choice 1nd 
eaount of b1nde~ res1n. 

Rtinforcino ,gents provide tht structural tlt■ents t~ support 
tht friction •tertal in ,erv1ct. 8r1ke linings •~perienct a ranve of 
loadings th1t require strenoth, stiffness, and toughness. The reinforcing 
agents contribute to the stiffness and strength of the friction material 
co■posite. Usually these agents ire fibrous an~ most often provi~e other 
attributes to the brake lining, such 1s wear resistance and i■provtd dimen­
sional stability. 

Since chrysottle asbestos has been used as a reinforcing agent 
in friction ■at,rtals for about 80 years, its ptrfonnance attributes are 
fairly well known. Chrysotile asbestos was chosen btcaus~ of its unique 
co■bination of physical, thennal, mechanical, tribological, processing, 



end ICOflGllic propert111. It fs • untque •fn1r1l. procasstd to provide 
the desired fiber length dfstrtbutton and ffbtr •openness• (degree of 
fiber fluffing or openinQ of the fiber bundles) ~tded for specific appli• 
c1ttons. Usually two or •ore grodes of chrysottle asbestos 1r1 blended 
to product the dtstrtd properties for the brlkt 11ntng. 

Non-asbestos friction utert1ls use I blend fre11 sever11 hundred 
potential fiber and other structur1l agents that have been tried tn brake 
linings. No one fiber replaces asbestos, so 1 •ftber cocktail• ts developed 
to provide the needed processing, structural, functional, and peraeabtlity 
attributes for the brake ltntng at an acceptable cost. 

Friction codifftrs and ftlltrs, as the n••s suggest, are added 
to provide the netded perfo,.ance ltOdiftcattons and cost control to the 
binder/fiber systtt1. Hundreds of organic and inorganic constituents ••Y 
bt used, tn varying 11110unts, d1str1buttons, 1nd particle sizes to achieve 
tht intended results. Since friction material fonaulatton ts 110re of an 
art than science, ft 1·. cc.ton for these •atertals to bt sequentially 
ldded to tht fonaulatton to •correct• different perfomance :\hortc0111tngs 
tn tht ltntng developaent process. 

The asbtstos-frtt friction materials have four developnttntal 
classes: non-asbestos organic (NAO), s•t•ta111c (s•t•et), stnttred 
•tallic, and carbon-carbon. Stmtmetalltc and NAO 11n1f\9~ appear to bl the 
btst suited for •ost aut•ottvt brake appltcattons~ but 111 four types 
will be discussed tn Section 4.4. 

4.3 Asbtstos-lastd Frtctton lllttrta's 

Asbestos has been used tn brake ltntngs and other frtction pro• 
ducts since the turn of the century, when ••tals, leather, and wof)d no 
lonver wtrt adequate. The pred011tn1nt type of asbestos ustd tn brijkt 
linings ts chrysottle, a hydrated magnesium stltcate. The ultimate chryso­
ttle fibril is about one •fl11onth of an 1nch tn at111eter, so a fiber 
bundle about the size of a huMan hair may contain a million fibrils. The 
larger fiber bundles, called •crudes• constitute the visible asbestos tn 
a friction material. Smalltr fibers, especta1ly when fully wetted by the 
binder resin, are virtually 1•poss1blt to set in the brake l1nino. Many 
ltnoths and fiber diameters are used in making the asbestos-based friction 

, 
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■ettr1als. usually by stlect1on of 1n tppropr1ate CC11111trc11l grade or 
grades and by proper tltnd1ng. Asbestos provides ■lfty desirable 1ttr1butes 
to the linings. both in ■1nuf1cture and 1n service usage. 

During the ■ix1ng and 110lding process. asbestos helps to hold 
ttlt ■1ter1als togettltr. This 1s r1f1rrtd to 11 •grNn strength• in the 
preforatng 1nd •lding operations. During ■olding. and also during uuoe. 
ttlt 11be1to1 provides peraelbility to ttlt lining. ltttino 1nt1rn1lly gen1r-
1ttd volattles 1sc1pe before thty Clft product high internal pressures and 
possibly blister or crack the br1kt 11n1ngs. 

Chrysot111 1sb1stos. being hydrated, 10111 this w1ter 1s tht 
ttap1r1turt rises. At around 650 dtQrNs Celsius (about 1200 d19r1es F) 
this dthydroxylation causes lbout 1 14-percent weight loss tot.he asbestos. 
At slightly higher tt■per1tur1s. the chrysotile 11b11to1 converts to an 
aaorphous or 911111 phase. Ont co.on product of this conversion 1s called 
forsteritt. In this converted ph1s1. the chrysot11t asbestos nonwally 
has bttn trensfot"llltd froa • f1btr to I very fine powder. At very high 
t .... r1turts, forsteritt can deposit 1n s■eartd layers over the disc or 
dr• braking surfaces, but this is Quite uncOIIIOft and undes1rld. 

Each vth1cle 1pplic1tion requires friction ■1teri1ls txhibit1ng 
difftrtnt frictional and ■ech1nic1l properties. Passenger "" and light 
truck dna brake linings, called StQllltnts. usually contain frOffl 30 to 70 
percent by weight of asbestos. If htld together with• liquid resin, 
thtst 1r1 r1f1rrtd to 11 wtt ■ixts. Such ••ttr1als art cG1111only roll· 
■oldtd to their basic cros1-stction1l sh1pe, but also ••Y bt fon1ttd by 
extrusion or ~thtr ■old1ng processes. When I po-«ttrtd binder resin is 
used, tht ■ix 11 referrtd to 1s • dry ■ix. These 91n1r1lly require an 
initial aolding or briquetting operation to produce the·r,qu1red shape. 
loth are curtd by heat in• process th1t is both t1■t and t•per1ture 
dependent. 

A wide range of friction, wtar. 1nd other properties ctn be 
built into such materials, p1rticul1rly with over 70 years of fon11ul1tion 
dtvtlopnent t1■e. Asbestos provides good static friction properties, 
i■port1nt to drUM br1kts with 1ntegr1l p1rk1ng brakes, and 1s 11sily fon1ted, 
by ••1 processes. to ••kt durable end dimens1on1lly st1blt sevments. 

Passenger cir and light truck disc brake linings 1r1 almost 
txclustvtly ■Ide with powdered b1ndtr resins in dry mix processes that 
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involve beint 1ndividue11y 110ldtd to nt1rly f1nal d1Mns1ons. Asbestos 
content u1u11ly is I bit lower ind longer fiber lengths lrt used in disc 
brlkt 11n1ngs btc1ust of their grt1ttr t•per1turts and pressures in s~rvice 
u••· TIit ptrwtlb1lity, or •breathing• ch1r1cterist1c. of chrysotile 
11M1tos 11 iaport1nt to disc bra,es to prevent rapid friction loss wtth 
incre11t111 taper1turt~ ind during hard, high spetd stops. 

N11vy trvck drua br1kt linings trt c1lltd blocks Ind art gen,r• 
11ly aolded tn slabs. Longer fiber length asbestos and lddtd crude fiber 
content ts nttdtd in thtst blocks. for reasons s1■111r to those for disc 
brlkn. Truck blocks art thick, about 0.75 1nchts (19 •) so they require 
suff1c1ent pe,....bility to rtltast volet11t ■1t1ri1ls froa ••nufacturtng 
IS well II frCII hard brake Ullgt. ln1dequ1te ~breathing• causes blistered 
or de1•1n1ttd brake 11n1ngs. Truck br1ke blocks h1ve bt1n continuously 
rtf1ntd over the years, with s,.ci1l foraul1ttons for 110st of the unique 
us1ge conditions. 

414 llon•Asbeitt.·, Fr1ct1on f11teri1ls 

L~s, then twenty ye1rs hive been dtvottd to tht devtlop111~t of 
non-11be1to1 brake linings, with tht 110st inttnsive effort over tht pest 
ttn y11rs. V1riou1 1lternativ~ fibers h1v1 bten studied since cotton was 
r1pl1ctd by 11bestos 80 y11rs ego. Howtvtr, nont provided the requisite 
ptrfot'lllnct to challenge asbestos until tht s•i111t1llic linings wtrt 
dtvtloptd for hard strv1ct disc brat, usage in the 19701 1. 

Cotlctrns 1bout asbestos fiber tox1c1ty, incrtas1r19ly stringent 
air qu111ty standerds in 11bt1tos 111nuf1cturino plants,_ and rising i:isur1n1:1 
costs 111 st1■ulattd tht dtvtlop111nt of substitute 1111terial1. Substanti1l 
progr111 appears to have bttn ■ldt in the past few years, as ■-ny new 
vth1cle aodtls have bttn r1l111td with fully 11bestos-frtt brake syst•s. 
Stv1r1l aft1ra1rk1t friction products h1v1 bttn advertised as asbestos• 
frtt, but little is known of thtir 1ctual service perfon11ance ch1r1ct1rist1cs. 

Dyn1110111ter and vehicle perfor■ance test data for non•asbtstos 
fr1ct1on Mttrials wtrt not ••de available to us during the preparation of 
this report, so I complttt ev1lu1t1on of th1s1 m1t1ri1ls was not possible. 
A variety of non-asbestos Materials is 1v1il1ble for 1fterm1rket 1ppltc1-
tions. Ho rtp11c1Mnt friction ■aterills, except qua11f1td OE" linings, 
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art known to llevt undergone qua11f1cation tests undtr FNYSS 105. In addt­
tton, aost 1ft.,.erktt suppliers lack tht facilttits requirtd to conduct 
FNVSS 105 Ind FIIYSS 121 test proctdurts. 

TIit fo11ow1nv discussion, though not COIIPltte, prov1d11 1t least 
an tntroductton to the dtfftt"'tftt types of non-asbestos friction ■at1rt1ls 
that are presently 1vatl1blt or under dtvtlopaent. Sat of their basic 
functional character1sttcs are also given, when sufficient 1nfora1tion 
was 1v1tllble. 

Dtsptte 1ubst1nt111 tn91nHr1nv efforts, non-asbestos rtplactMnt 
frtctton ••tertals art not 1v11t1blt, at• proven qu111ty and perfo,..ance 
ltvtl that ts equtv1ltnt to that of the or1gtna1 br1ke linings, for vehicles 
..tlfch orfgtn111y were rtlt1std with 1sbtstos•b11td br1kt lfnfngs. 

Noft•1sbtstos friction ■1teri1ls ttchnolaoy 1s advancing rapidly, 
with ■1ny new cir, light truck, heavy truck, and off-rold brake systtt11s 
be1ng rel11std for ntw vehicle prcduction. N1ttri1t11rt under dtvelopant 
for 111 four general classes. 

4.4.1 S..1•ta111c Frtctton .. t,rtals 

Sftt•t1llic and resin bondtd •t1111c (RB") art 111 n1Ms for 
this popular cl1ss of friction ■1t1r111. S..i■1t111ics utilizt steel wool, 
Sat fora of iron powdtr, graphite, binder rtsin, and various other con­
stttutnts in their fo,.,11tion1. 

Sttli•t.111tcs have bHn ustd as dtsc br1ke 11n1ngs on pessengtr 
c1r11nd light tr~cks for about I dtcldt. Presently they art the 110st 
COIIIIOn friction ■1t1r11l ustd wtth original tquipatnt •1n,,f1ct~r•r (OEM) 
d1sc brakes in tht United Stites. Although originally produced with a 
restn-11bestos backing layer, ■ost st■1•ta11tc ltn1ngs now use no btcking 
layer, or one of• non-asbestos organic (NAO) c011position. S111i•t1ilic 
linings also have had li■1ted usage in heavy truck drua and di~c brakes. 

Thtst friction Nttrials ,rt usually hot-pressed to finishtd 
di■ensfons. Consequently, they art not readily ■ldt into drum brakt ttQ• 

•nts, due to tht nttdtd largt lintno curvature. Sinct seai■etallics also 
tend to be low tn strength and stiffness, they art bttttr su1tld to tht 
thicker disc brake lining and heavy truck block configurations. 

Sttl1•t1llic linings have stvtral unique perforwtanc, ch1ract1r-
11t1c1. For one, they have a high 1n1t11l wear rate, at 111st unt11 a 



ferrous transfer laytr ts built up onto tht drUIII or d1sc cast iron surface. 
This fol"ltation 1s raptd at h1gh t•peratures. but ~•n bt quite slow for 
brakes that operate at low ttMperatures. low speed. and light pressures. 
L1n1ng war 11fe 1s greatest for IIOdtrett t...,.r,ture service. Poor lining 
11ft can result fr011 very low usave tMperatures, so brakes are often 
dtsignld to run hotter with s•i•t1111c 11n1ngs. Most friction uterials 
hi~• 1 10 .. r friction level at higher rubbing speeds. but se•1•ts d~ 
not. These •teriils have nearly constant friction levels fr011 about 30 

aph to beyond 100 •Ph, providing potential front-to-rear brakt balancing 
difficult.1es for scat syst•s. Whtle the friction is nearly constant at 
high speeds. the lining wear rate is not. Sewli11ttallic 11n1ngs have high 
wear rates, per unit work done, at higtler rubbing spelds. Thus thty sela0111 
art used for racing car 1pplic1t1ons. 

Water affects ■any friction •ater1als greatly, but has very little 
influence on s•i■1t1111cs--unless 1cc0111p1n1td by oil. Water and oil can 
act to reduct the friction of ,e■11Ht ■aterials in contact with cast iron 
discs. Since road splashing generally contains s011e oil, this can cause 
a loss of fr·iction. Oise brakes are less water sensitive than are Most dru~ 
br•kts and often run w1n1 enough to dry quickly, so water effects usually 
art not critical or long lasting. Cool and humid ambient air co~ditions 
affect sa1•tallic linings significantly, ~•using I t•porarily low brake 
effectiveness called "nK>rning sickness•. 

4.4.2 Ion-Asbestos Oratn1c Friction "•ter11ls 

Non-asbestos organic (NAO) ••ttrials utilize• c0111binatton of 
fibtrs and other ingredients to fulfill tht functions t~at chrysotile 
fibers hid perfol"lltd 1n ~,stn-asbtstos linings. ~r1111d (DuPont's Kevlar), 
fiberglass, ■intral wool, wollastontte, steel ~ool, and processed ■ ineral 
f1btr 1r1 s011t of the c011110n reinforcement fibers used along with the 
binder resin and various fillers and friction mod1f1trs 1n NAO brake 
linings. 

NAO brake lintno formulations pres~ntly are used in some OE" 
dru■ brake applications for passenoer cars and light trutks and increas-
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t119ly are used in brakt blocks on heavy truck dMII brakes. NAO disc brake 
linings havt been reltasld for ■any OE" disc brake applications. Dtvtl­
op■tnt efforts of NAO drwa brake s191~ts for the rea11n 1ng OEM app l i • 
cations r..,ins active. 

TIits class of friction ■1teri1ls offers the greatest hope as an 
tfftct1vt asbestos replac ..... t. but also provides tht greatest probl•s 
to develop. L1tera11y hundreds of fibers and rvinfor-cing tQtnts have 
bttn used. generally in cOllbination wit, - Jral others. Finding the 
best cClllbtnation for lintng proc1111biltty. friction level. friction sta­
btltty, wear ltfe, fide reststanct, recovery, cont•tnation sensitivity. 
and aechanital properties 1s I fo,.idablt task, even using statistically 
d1stgnld npert■ents. Sinct there is essentially no technical cca11unication 
or cooperation a■ong the lining suppliers, 11ch ts working virtually 
indtptndtntly at this task. It appears likely that ntw NAO ■aterials 
will be dtvtloped that art superior to thi best of the asbestos-based 
ltntngs. Presently, NAO .. teriali ttnd to bt hard, brittle, low in pen11e­
lbiltty, highly anisotropic,, d prone to hot spot, blister, and crack in 
service. 

4.4.J Sfnte.-. llltalltc Friction Naterials 

Usually sinttrld, these htavy-duty •~terials typically are of 
iron or copper base, but they ■ay generally contain inorvanic filler and 
friction ~odifters as ■inor constituents. 

Sintered ferrous dru■ brake linings wtrt released for a few OEM 
pass~nger car applicattons two decades ago. Thty ttnd to bt tnvirorwentalty 
sensitive, both to t1■per1ture and 1110istur1, which li■tts c011111trci1l 1ppl1• 
cations. However, thty art usld for speciai strvict afte,.arket autOlltO· 
bilts, SOIH stvtrt service coatrcial vehicles, and aircraft disc brakt 
applications. 

Sinttrtd copper-based friction ••ttrials h1v1 been used in heavy 
duty brakes and clutchts for around three dtcadts. Often with another 
■1t1l, fo,.tng a bronze, and• refractory, such as mullite, these Materials 
can perfof"'M well in hard service us101. Howtvtr they too are environmentally 



sensitivt and ctn c1ust severe g1lv1n1c corrosion in wet tnviron,nents, 
-,htn ustd against tht typical grey cast iron count1rsurf1ce ••terials. 
A1rcr1ft disc brlkes and heavy duty truck/tractor clutches art present 
uses for tht sinttrtd bronze friction Nttrials. 

No known new application of these relatively old and well devel­
oped friction Mter1als has resulted fraa tht seal"th for asbestos substi­
tutes, 11rv1ly d111 to their cost and stnsitivity to light-duty environaental 
cond1tions(9). 

4.4.4 C.rbon-c:pjpon Friction llat£il1S 

Thtst ■aterials 1r1 space-age caposites of carbon (graphite) 
fibtr, htld in I Mtr1x of •orphous carbon using a costly and tie-con­
su.ing •anufacturtng process. 

Military aircraft, r1ct cars, and SGllt coatrcial aircraft now 
1011ttiMS ust tht carbon-carbon friction uterials for both the stationary 
and rotating el-nts of disc brakes. High cost and envirorwental sensi­
tivity have li■tttd additional 1pplic1tions(9). Rtctnt develop,111nts of 
lower cost carbon fibers ■ay increase their use in vehicle applications. 

4.5 Afttraarktt Yetliclt ConsidtrltiOftS 

4.5.l DrUII lrlttS 

lrakt design also affects the suitability of us1ng SOllt friction 
ut1rt1ls. Tht duo-servo drua brtkt ustd in older U.S. vehicles usually 
•ploys two different types of linings, with different friction properties, 

uon I single br1kt to ••ximize ov1r1ll brake perforNnct. Afte,,.1rktt 
friction ••terials •ust be capable of replicating original design friction 
levels and friction stability to achieve acceptable vehicle braking 
perforwanct. 

The ltlding-trailing dru• brake ustd on the rear axle of the 
new, s•alltr front -,tieel drive vehicles does not require friction uterials 
with such stringent friction stability properties. In both ftpplications, 
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the static friction properties of the ■1ter11l are 1•portent due to the 
ust of rear dr1111 brakes as p1rkir1Q brakes. 

4.5.Z 11sc lrakes 

Disc brakes generally operate at h1ghtr t•per1tur1s than do 
dl"UII bralces, and the friction material used for this application •ust 
uh1b1t stable friction behavior over I wide te•per1tur1 range. U.S. 
passenger cars and light truck disc brakes which used 1sbtstos-pheno11c 
friction ■1teri1ls were designed to operate at lower te•peratures than do 
present vehicles that use sMiMtallic l1niRQS. These asbestos-based 
linings gentrally had higher friction, esl)fr.11lly at the tower brake te•per• 
eture,, tnan do the sem1•eta111c l1n1nQs. 

4.5.l F11etors Affect1na Subst1tutin" 
of Friction Niterlais 

The use of asbestos-free Materials as direct substitutes 1n 
vehicles designld for 1sb1stos-b1sed 11n1ngs may be r@stricted for the 
following reasons: 

(1) lrak1ng balance between front and rear brakes ■ay bt 

adversely affecttd. 
With few exceptions, seatimeta111c end NAO 11n1ngs 

presentlr are the only non-asbestos friction materials 
1va111blt for use on disc brakes. Use of s•iattallic 
lin1RQS would decrease the front brakt tffectiveness, espe­
cially at the lower t•peratures. Sinc••••ny of the front 
brakes were designed to operate et lower t•peratures than 
ere optimal for s1111imetallics, tht semimetallic linings 
would not provide proper friction and wee,· behavior for 
many users. 

The available NAO rear brake linings differ in their 
friction properties, especially in the low temperature 
region, and also may be humidity sensitive. Front-rear 
brake balanct at low t•ptrature could be unsatisfactory, 



,2 

unless ■etched front and rear linings both were installed 
during brake servicing. Regrettably, ■any users h~ve only 
one set of 1 inings replaced at I tiae. This offers a s•Jb­
stant ial opportll'lity for unbalanced braking between the 
front and rear brakes. 

No known balanced non-asbestos brake lining sets are 
available for the aft1n1arket applic1t1ons that or i ~inally 
were asbestos-based. The front-rear balance with replace11ent 
asbestos-fret linings probably will be sensitive to the 
brake te■perature, vehicle speed, and brake lint pressure. 

(2) Parking brake capacity ■ay be .-.duced. 
Many of ~he non-asbestos organic (NAO) drum brake 

linings provide low effectiveness ~t low temperatures. Jn 

addition. they also generally have high thenwal expansion 
coefficients and are stiffer in c011pression. This can 
lead to a loss of parking brake cap1city both frm the 
lower effectiveness values and fr011 larger losses of input 
cable forces, due to lining contraction. 

(3) II •aningful br1ke lining effectiveness r1tir19s exist. 
NAO friction materials are currently produced dOffles­

tically in both brake pad and brake drum configurations. 
Tables 6 and 7 list current U.S. producers of brake plds and 
linings for passenger cars and trucks(lO). Only a third of 
the ■anufacturtrs of NAO brake linings for light and medium 
vehicles art outfitted with the facilities need~ to evaluate 
friction products under true vehicle test conditions or 
si■ulated vehicle tests (full brake inertia dynamometers). 
Similarly, only a third of the ■anufacturers of heavy vehicle 
drum brake blocks have appropriate test facilities for 
evaluat1ng their NAO friction materials. All of these 
suppliers rate their linings using a rating methodology 
that has been shown to be deficient (see Section 3.2.2). 
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This ttst. with 1 inch squirt speciaens. can givt particu• 
l1rly ■isltlding friction d1t1 for SGllt NAO 1nd s•1•t 
brakt 11n1ngs. 

The br1kt 1tn1"9/dru■ or dtsc/pad syst• is• tr1bologica1 systt• 
tn "9tch 1lt1r1tton1 1tl tither tht Pld 1urf1Ct or tht rotor 1urf1c1 1ff1ct 
1y1t• fr1ct1on1l ~v1or. Under tltv1tld t1■per1tur1s. c11t 1ron sur­
faces can fora 1ron 011des or develop transftr f11■s Nh1ch txhib1t lowtr 
cotff1ctents of fr1ctt0fl thin do plain cast 1ron surf1cts. Tht lbr11ivt 
nature of 11btsto1-pht11011c fr1ct1on ut,r1als 1ct1 to continually r•ov• 
U.11 1urf1c1 f11■s. thus r11tori"IQ 1y1t• friction and br1k1 tfftctivtntss. 
S..i-■1t1llic1, on tht other hind, dtpend on I transfer fil• that is known 
to txh1bit low friction undtr cold and aoist conditions. 

4.1 11rKt Colf!!:~son of OEN and Aft1n11rk1t lr1k1 Ltninas 

CGllplttt brake dynlaGlltttr ind vehicle perf~ra1nct d1t1 1rt not 
gtntr111y 1v1ilablt to use for coaperisons of different friction ■1ttri1ls. 
■aking it difficult to support or rtfutt cl1i■1 ■ldt about tht 1v1ilability 
of 1cctpt1blt, asbtstos-frtt rtplac ... nt br1kt linings. When 1v1111blt, 
tnterpr1t1t1on and 1v11uat1on of tht test data c1n bt d1ff1cult. 

Tht next two sections pr111nt both dyna■o111ttr data and vehicle 
test d1t1 th1t highlight obstrvtd perfor■anc1 li■ 1tations postd by the use 
of non-11btstos friction ■attrials. 

4.1.1 !J!!Wttr Test :»at1 

Ont •••Pl• set of d1ta follows which supports tht claim that 
no acc1pt1blt 11b11to1-frN friction ■1t1rials have yet bttn dtvtloptd 
for c1rt1tn drua br1k1s. In this cast I full brake dyn1111a111t1r was ustd 
to test four difftrtnt stts of drUIII br1kt linings on• 12;inch duo-servo 
dra br1kt with• 3-inch lining width. ld1nttc1l proctdurts end matching 
test cG11pon1nt1 wtrt used, so tht brake linings wtrt tht only known 
v1r11bl11(11). 
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The 1tn1no1 tested have bffn coded, 1 condttton for the 1v1t11-
bil tty of this test data. For s1■pl1c1ty of present1tfon, only the 1n1t1al 
11n1nt burnish test date ts shown. 

Figure 141 shows thts dtta for Ltning A, 1 NAO dru. brake lining 
set. The test d1t1 11 presefttld 11 brakt ltne pressure versus 1qutv1l1nt 
vtll1c1e speed. TIie brake 11ne pressure relates to the aount of br1ke 
pedal effort txtrtld. Al 1 brake stops, 1fter stop 3, were perfon1ed fr• 
thl 11M 1n1ttal brake dn11 tNperaturt of 300 degrees F. All of tht 
stops ...,.. fr• the s- 1ntttal speed (40 ■ph) and controlled to provtdt 
an equivalent of a feet Pl" second per second dtetltr1tion--1 •no,..11 
braking• appltc1tton. IIDte tht wtde r1nge <Jf pressures requtrtd to ••kt 
thl 11• stop. Even after 100 burnish 1ppltc1ttons, tht requtrtd hydraulic 
pressures varted by I factor of two for 1dj1cent stops. Also, tht required 
brake pressures for this noNal type of brlkt stop wert 11Most to the limit 
for tht power br1kt booster. 

lrakt 11n1ng A would be un1cctpt1blt for any OEM brlke usage on 
thts brake 1s1•bly. NoW9vtr, this 11n1ng fon1ul1tion was rele11td for 
production appltcatton on I dtfftrent, s■1ller-sized dru• br1ke. With 1 
••ller br1kt Ind attendant thinner linings, 11n1ng A ••t 111 of the service 
requtr..,.ts for 1n OEN brat lining. This dtll0flstr1t1s how tht 1cc1pt-
1btlity of I friction ■1ttrt1l ts not Just dependent upon the properties 
of the brake ltntng, but also depends on tht specific choice of brake, 
veh1clt, and ust candittons. 

Ftgurt 14b shows perfor'lllftCt curves for I NAO ■1ttri1l B. Lining 
I WIS I candidate NAO ■1tert1l, but WIS not released for production. It 
u11d a different non-tsbtstos fiber systt• fr• th1t used in A. This 
lining provided, on 1v1rage, htghtr br1kt tffect1vtness, but with I greater 
range of brat application prtssurts for the,, .. test. Although not 
111ustratld ht", other test d1t1 for this 11n1ng show ft to have an undt· 
1ir1ble •aorntng sickness• wtth very high 1n1t1al efftctivtness for the 
ftrst few cold stops. A ltntr1g 11kt thts on the rear drum brakes, used . 
wtth I s•1■tta111c front disc brake lining, would provide a vthicl, brake 
syst• with• very strong tendency for re•r wheel lockup (sk1dd1no) whtn cold. 
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Figure 14c shows perfo,.1nct curves for• ■1t1r11l c. L1n1no 
C, a •pr-•1111 quality• aftt,..rktt asbestos-based lining set, has been 
ulld for ••Y 111r1. Nott the narrow band of brlkt lint pressures for 
this burnish a.quence. In particular, tht stops fr0111 40 through 100 were 
virtually idtnttcal. This consistency of brake tfftctivtntss, although 
not guar•t ... by the u11 of 1sbe1to1•bastd friction ■1teri1ls, 11 not yet 
ava111blt fNIII •Y kno111n NAO dru■ brake 11n1no on this size of drUII brake. 
L1ntng Chad 1lt9htly higher (about 25 percent) lin11'1Q wear rates than 
tht two non-11btsto1 ■1terials sho111n. 

Figure 14d shows perfo,.anct curves for asbestos aater1a1 D. 
Lining O WIS tht OEM released ■1ttr1a1 for this brakt syst1~. It had the 
hiQhtst average effectiveness of thl four linings and also the narrowest 
band of brake 11nt pressures. In this case, the second 100 burnish-stop 
data was incllldtd to 111ustr1t1 th1 consistency of perfon111nce that can 
be obta1nld fr• this brake. About 45 brake appl1cet1ons w1r1 required 
to obtain steady-state frictional behavior. After these, tht test data 
wre very repeatable, and the variation of efftct1ventss with speed was 
quite 1cctpt1blt for I duo-servo drum brake. 

4.1.2 Yeh1clt Test Dita 

For• vehicle test study conducted by the National H1ohway and 
Traffic Safety Adllin1strat1on (NHTSA), the perfon11ance of aftemarket 
brakt linings w11 c011pared to tht perfon111nce of OEM 11n1ngs(l2). These 
experi•nts were conducted using a c0111p1ct size p1sseng1r car equipped 
with front d1sc brakes with st■1-■etell1c pads and duo-servo drUM br1kes 
on the rtar. Twnty-three different afteraarket rear drum 11n1nos ~ ~ e 
obtained by purchasino the• fr011 aut0111ot1vt service centers 1nd autOlftob11e 
p1rts outlet stores. These materials wtrt idtnt1f1td with I letter code 
of A through W. 

Experiatnts were conducted ~nder conditions s1m111r to those 
spec1f1ed 1n FMYSS 105 (see Appendix A). To oenerate data representative 
of OEM lin1no performance, 10 sets of OEM-qualified linings were also 
obtained and tested to oenerate • c0111p1rison baseline. 



i. 
' ,. 
I 

' . . . . . . . ............... c. 
a. 30 111Ph pre-burnish rear brake 

effect1vtness results 

I 

I . l I I • 
. • I , 'tt· I 

~--- • • 

b. 60 mph pre-burn1 sh rear brake 
effectiveness results 

I 

l .. 
a ,. 
j 
• ... 

............... c.-
c. 30 mph post burnish rear brake 

effectiveness results 

I I I I 

• 
I 

d. 60 mph post burnish rear brake 
effectiveness results 

FIGURE 15. VEHICLE TEST RESULTS COMPARING THE PERFORMANCE OF 
AFTERMARKET FRICTION MATERIALS {REF 12) 

• 



71 

F1gurt 15 shows the HISUrtd brake tfftct1vtntSS for the various 
1fttN1r·ket linings undtr four difftrtnt test conditions. At 111st two 
1tperate sets and as ■any as four separate sets of the sa■e linings were 
ttsttd, variations in perfoN1nct are 111ustrattd by tht rang, in effective­
ness exh1b1ttd aaong different sets of 1dtnt1cal ■1ttri1ls. Figures 1Sc 
and lid tndtcatt tht w1dt range of effectiveness v1rt1b111ty aaong the 
aft,,,...ket Mtlrta.ls. L1n1ng ■attr1al ••• exhibited the highest vari­
ab111ty ta tffect1vtnts1. This •ttr1al was the only non-asbestos •ter1a1 
tested of tht 23 1ft1rw1rk1t ••tertals tested. This data 1, consistent 
with the dyn•e11tttr test results prestntld tn Figure 14. Tht r111a in ing 
22 test results tlso illustrate how wide variations in effectiveness can 
111st tvtn for tsbestos ■1teri1ls. 

4.7 Issues of Consuatr Acceptab111ty of Non-Asbestos N1teri1ls 

Consu■tr 1ccept1b111ty of non-asbestos fr1ct1on materials, as 
with asbestos fr1ct1on ••terials. w111 b4t affected by ••tertal wear per­
foNanct and by the tendency to induce brake noise. Excessive brake weer 
could ltld to sooty tir~ sidewalls, while brake noise continues to be an 
annoyance to •any consu■tr . 

Solle brake ■1teri1ls used for front disc brakes have created a 
•dtrty whttl syndron11• fr011 wear debris(ll). Also known as •dusting~, 
this s1tuet1on arises when fine, sooty wear debris is deposited on the 
outside Nhetl and tht surfaces. This situation makts routine tire main• 
tenanct •rt undts1rablt sinct the black fil■ is ttnacious and usually 
■lkts tht car owner's hands dirty. To prevent this situation. some car 
owners switch to 1fterw1rktt disc pads that are advertised as beino "dusting 
rtS1itant•. Auto owners apparently ass1111 that these materials are equally 
efftct1vt as brtking Mttrials as other Mattrials 1110re prone to dustino . 

Aluminu■ •shields• art also available to shroud the disc and 
prevent debris fr011 being deposited on the outer wheel surfaces. These 
shields are ■ounttd between the disc and wheel of the brake and wheel 
ass•bly. Two adverse situations may arise fram the use of such shrouds. 
First, the discs ••Y operate at hiohtr ttfllperatures due to the decreased 
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convtct10ft 111d rld1at10ft fr• tlll disc surface. Second, the ••1 1119 
ftUtl ., event.ally loostn dlll to plastic defo,..t1on of tht tlUllhlUII shroud 

tn the vtctnttr of ttle lugs. 
TM •dtrty NIINl spdr_.• has btlft reportld aort often by owners 

of ..,_n luurr ataaalttlH, 1.ctl 11 MV and llercldH, for uny years. 
Merl of 10 vell1c1es tetld to N •rt f1sttdto111 about tht car's 1ppe1r­
anc1 than__,., of ottler 1111 •pen1tv1 vehicles "'tch ut111zt other 
ut1rt1h. It ts now btec,nifto aore of • probl• on Aatrtcan and J1pan111 
c1rs 11 aort ,....SNstos •ter11h ~r• ut111zld. 

11vertllll111, the various techniques used by owitrs to t11•in11tt 
the probl• _,., clearly tllu1tr1tt the public's vtewpo1nt that vth1clt 
brakes art laroely unaffected by consuatr ntgltct or t•perinQ. Unless 
prohtbittd by l1gt1l1t10ft, OEll-qualtf11d non-11M1to1 .. t,r1als that exhibit 
1xc1s11vt brat squeal or •dusttnQ• could bt rtplactd by ••ttr1als provided 
by an unregulated afttraarktt supplier, that nttd not ••t any c1rtific1tion. 



S.1 Sectton S-.ry 

The purpose of this saction was to 1x•ine the various vehicle 
c111se1 us1no frtction materials ed identify trends in braking syst•s 
tn the v1rtous vehicle cl11s1es. TIit following observations were •ldt: 

• TIie overlllhe1■1ng llljortty of -.rtc1n passtnc;atr cars art 
now destgntd with front disc brakes and rear dr1111 brakes. 
Thtrt ts not a stgntftcant trend toward widt~ use of 4-wheel 
dtsc brakes. •er1can •anuf1ctur1rs art dirtctinc;a efforts 
toward dtvtloping suitable asbtstos-frtt lining mtttrials 
for rear autOIIOtivt drua brakes. 

• Because disc brakes .. intain tfftctivtness 1t high braking 
speeds, 4·whtt1 disc brakes have bttn used in Europe on 
ICNlt high perfonaanct vth1cltl btfort llbtstos btClffll I 

concern. Now sat European •anufacturtrs use 4-whttl disc 
brakes and s•i•1111t1111c brake pads as a means of eliminating 
1sbestos frCII passenger cars . Differences 1n consU11er 
acceptance between Europe ind tht United States, specifically 
br1kt we~r end br1ke noise, ••Y restrict the us- of 4•whttl 
disc syst•s in the United St1t1s. 

• Trends 1n light truck br1k1ng systeas fol low those 1n 
passenger c1rs. 

• "ost INdium t ·ucks (Alterican, European, and Japanese) use 
drUII br1kes on 111 four wheels. Acceptable qualified sub­
stitutts for current 1sbestos 11ntno materials have not 
been found in ••Y c1ses. These drum brake systems use 
seg11ent,, a thin lining ••ttr1al similar in geometry to 1uto-
110b11t brakt linings. However, the relat1vtly severe braking 
requ1r•ents of this 1pplication prevent a simple retrofit 
of 1utC11obil1 ••ttrials to tht mld1UIII truck market. A 
••11 ptrctntagt of medium trucks are now being produced 
with disc br1kts Ind s•1•mtta111c pads. 

• Accept1blt substitutes for asbestos materials have been 
found in 101111 c1s1s in tht h11vy truck stomtnt . These 
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br1k1 syst•s Ult thick •ldld brakt blocks which •r~ bolted 
or riveted to slloes. S... non-asbestos ut1ri1ls hav1 
been found to exh1b1t suff1ctent 1NChln1c11 strength and 
fr1ct1one1 properties for this application. 

1,1 "'s,,,. !rl!f• t• ,.,,..,,, c,n, rruc1r1, w .,.1..,.t 

Fer th·,1 study, •tor vehicl11 t .-•e been divided into three 
cl11N1: P61Nt11Jer cars, on-highway trucks, and off-highway vehicles. 
Notorcycles, tr1nsit bu111 and trains, and 11rcr1ft h1v1 not bttn includtd. 

lhe °' .,,..,■ino 11ajority of vttlicles in tht Untt1d Statts 1r1, 
11 expe.:tld, passenger cars (Table 8). The Njority of tht 1914 A■tr1c1n 
pusenger· cars .,.,., fitted with • r1ar-dr1111 and front disc brake systt•i 
33 percent of 1914 t■portld 1ut•ob1111 were fttttd with 4-whetl d1sc bra~• 
syst•s(l4). fltdtu■ and heavy tru~ks continue to ust trldition1l dr""' 
brakes. Light trucks UH front disc br1k11 w1th re1r dru■ br1k1s. 

1,2. I ,__..,. Cf!:• 

PJssenger cars are tht l1rg1st single ••rktt for friction products 
in the U.S. As indic1ttd pre,iously, there were 1bout 130 •il11on regis­
tered pas1tng1r cars 1n 1914 1n the United Stites. 

Prior to 1965, alaost 111 Mer1can pass11191r cars w1r1 equipped 
with 4•wf',Nl drUIII .,.. ••• w1th 1sb11to1 linings. In 19'5, SOIII Ythiclts 
(Lincoln Conttnlfttll and Chevr~l•t Corvette) were equ1pptd with front 
disc br,ilces. W1despreld ust of front disc brakes across Most .,t"oduct 
11nts of •rican ■1nuf1ctur1r1 began in the early 197Ls. 

Thtrt are I ~ub1t1nt11l nu■btr of vth1clts th1t htvt drUIII br1kt 
syst•·• dtstgnld for ust with ubtstos frtct 1on ••ttr ,eh. In 1914, there 
were 1till 11,5 a11lton cars 1n operation thlt wer1 ••nuf1cturtd prior to 
1970, Ind the ••Jority of thtst prtSUlllbly .. ,.. fitttd with 4-whttl drUIII 
br1k11. Pt-1or to 1912, the ••Jor1ty of 1ut011obtl1s with front•whttl disc 
br1k11 hid betn dts1gntd for use w1th 1sbtstos br1kt pads, Sinct tht 
.,~n 11ft of pass,ngtr c1rs 11 now about 7.6 y11rs(lS), 1ut01110bil11 f1tttd 
with ~rakes dtsiontd for ust w1th asbestos friction produ:ts will continut 
to bt in operation for s1v1ral aort y11rs. Vthiclts •anuf1cturtd in 1986 
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TABLE I. NEV VEHICLE SALES AND VEHICLE 
RE&ISTIATION FOR 1914 (REF. 15) 

P•s...,r Cers 

DOIIHt1c 
I•porttd 

.. Nt-, Trucks 

Light 
Ntd1ut1 
Heavy 

0,,-11,...,., Y-"tc1,, 
Far'II equ1patnt 
Construction equ1paent 

• 1916 est1•1t1 
•• 1915 11t1•1t1 

U.S. Calendar 
Year Salts 
(N1111ons) 

10.4 

1.0 
2.4 

4. l 

3.1 
0.06 
0.20 

0.11• 
o.os•• 



w1tlt .-.tos friction ■at1r1a11 cen • 11pacttd to ,equ1rt afterarktt 
brlkt te 1 ,aflelltl for at ,,.,t wther 11 Y••"· 

Currtnt Alltrtcen eutcaabilt1 •rt alao1t ~•c1us1vt1y d111gnld 
w1th ,,...t ••1 disc br1k11. As 1t1o1,n 1n T1bl1 9, Aaericlft •enufacturers 
do •t appear to N ..,.acing 4 • ..._, disc brakes as • •ans of ch1ng1ng 
the bru1111 dlarecteri1tic1 of eutaaobiln. Currtntly, Aatr1c1n ■1nufac· 
turtrl .,,. ... to N ret.1•1"1 ......... 1 dNI brakes. Thest brtkH art 
attrecttv, fw tlll .following ,.,sons: 

(1) E1111r 1..,1 .. tatton of perktno brat• atehlnh•• 
(Z) Lt11 sncept•btltty to dtbr1s, 
(l) Lt11 1u1c1pt1bi11ty to corro11on, 
(4) Lall wttOht, and 
(5) Lin cost. 

At tht prtMnt t1M, thtrt 1ppears to bt no distinct perfor■anct ldvantagt 
11nder _,.ican dr1v1ng speeds to re1r .tlttl disc brakes other than rtducld 
tt• requtrtd for ■11ntenenct. The use of r11r disc brtlct1 also 11•pl1f1ts 
the setttno of front-to-rear braking belanct. 

Thi currtftt trtncl eaono Mtr1can aut•••rs ts to 1•ple•tnt 
11Msto1-fret brakt lin1nv and brake pad ■1t1r1,1, 1n new •IJor •odtl 
c~eover1. lrakt 1y1t•s on e1i1t1nv ■odtls art never rout1ntly 
rldll11ftld. Ntw IIOdth, such II tht Ford Taurus, ,,.. equipped with s•1• 
Mtl11tc front disc brlkt pads and non-asbestos organic rear dra 11n1ngs. 
Rather then rtdtsign brake syst•• with 4•-.httl disc brakes usino ••1· 
•tallic pads, Aatr1can auto■ob11t ■anufacturers h1vt tltcted to rtt11n 
P'tar dru■ brakes and direct dtvtlop■ant efforts to•rd new, non•1sbtstos 
rear drua ltntng1. Qul11f1c1tion of non-11bt1tos ■attr11l1 through vehicle 
t11tino .. , tekt 2 ytars or longer, 1ss11111no a suitablt Mttr11t 111st, 
for• specific vthiclt app11cat1on. The rtdt11gn of a vehicle's r11r br1kt 
1y1tl■ froa dru■ braktl to disc brikts could t1ke 5 to 7 y11r1, with 11ttlt 
guarlfttN of ston1ftcentty t■provld perfor■anc,. 

I.Z.Z 11-ltahway Trucks 

On-highway trucks 1rt g1n1r1lly cl1111f1td with r,spect to gross 
vth1clt weight class, 1.t., by the vth1clt curb weight plus cargo. Trucks 
can bt cons1dtrtd s1nglt ch11sis vehicles or can bt ustd in tractor•tra1ltr 
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TAILE 9. LIST OF lMS AMERICAN AUTOIIOIJLES EQUIPPED 
WITH 4-Wr.i:EL DISC IRAICES (REFERENCE 16) 

Nu.btr of Units 
Sold With 4-Whetl P9rctnt1Qt 

Dhc lr1kts of output 

-
llntrtl llotors 164,301 J.6 

Ford 46,IOI 2.7 

Chrysler 0 0 

Alltrtcan Notors CorDOr1t1on 0 0 

Yolkswegtn of Alltric1 82,797 100 

Mondi 0 0 
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ClllltiMtto•. Etgllt wtfllt cl•••• currently Hist, altttough for tile 
....,..., of this study, tlll following cl1sstfic1tions •" used: 

C11S11f1catt4"1 

Ltght 

llldiua 

Ha1vy 

1W Cl111 

lroup 1 
lroup z 
lroup 3 

lroup 4 
Sroup 5 
lroup 6 

lroup 7 
&roup I 

1W ..... ,lbsl 

6,000 Ind 1111 
, •• 1 end 10,000 
10,001 • 14.~ 

14,001 • 16,000 
11,001 - lt, 500 
lt,501 - H,000 

26,001 • 33,000 
33,001 • over 

Nlw truck reoistr1ttons for 1914 tndic1te th1t light trucks 
••• up 1pp·oxi■at1ly 94 percent of tht total truck population, which 
reflects tllt popularity of 1■111 pick-up trucks and ■int vans. In contrast, 
aldiua trucks account for llbout l percent of tht population, while heavy 
trucks 111kt up tht r•aining 5 percent(14i. 

Tht following sections out11nt current brake syst•s and trends 
1ft vtll1clt brtkt ■1t1rtals for tht thrtt clasHs of on-highway trucks. 

I.Z.Z.l Ltaht Trucks. TM •light truck• d1sign1tion rtftrs to 
both pick-up trucks 1nd cmpact v1ns used in 1 ight hlul ing 1nd passenger 
tr1111port. About 3.9 ■illion light trucks wt" sold 1n 1914 in tht U.S. 
As of 1914, al■ost 31 ■i111on 11ght trucks wtr1 r191sttrtd in tht Un1ttJ 
Stites. 

Trends in light truck br1king syst•s follow clouly thost of 
pa11tftgtr can. In 1914, aort thin 94 percent of 11ght trucks ■anufacturtd 
in the United St1t11 wtrt equipped with front wh11l disc brlkts. Ford 
lftd Ill 1917 light trucks art using v1riablt proportioning valves for rear 
brlkts or ent1•1ock syst•s to i■provt braking undtr a w1dt rang, of truck 
lolds. C111br1tton of• v1ri1blt proport1on1r19 v1lvt 1s afftcttd by changes 
1n "•' brlkt 11n1ng ~•ttr1al. In th1s respect, trucks brakts art following 
European pess1ng1r car trends in that dts1gn steps 1r1 being taktn to 
ensure front whttl brakt biasing. 



.._, 11tllt trucll llret11 ... ufact_... 111 the Unttld states art 
now ustne 11bt1tos•fre1 -•talltc •ttr1als 1n tht front disc brakes 
If.cl 110n-llbe1tos organic ltntngs for the rear dna brakes. In 1116, tt,t 
Ford Aerostar and ••nger IIOdels were fttt• with all non•asbestos frtctfon 
a1t1rt1l1. Tht autcaottv• industry is in the process of converting existing 
1 tgllt tl"IICk aodtls ower te albestos•frH fr1ct1on products. 

Although new tMICk brake syst•s appear to bt lleld1ng tOWlrd 
1sbtsto1-fNI fr1ct1on •ttr,als, • large population of older vthtcles 
requtrtng 1ft1ra1rk1t fr1i:t1on products sttll tx1sts. letwetn 1170 and 

lN2, the INdtan ea• of ltgllt trucks was 7.1 years OS). 

1.1.z.z llld1• Tf'IICks. TM •aldt111 truck• designation gtntr111y 
rtftrs to single chassis trucks with• &W of bttwttn 14.001 lbs and 21.000 
lDS. Tilest trucks usually art used as enclosed dtl htry trucks or open, 
flat•bld trucks. Nanufacturtrs usually provtdt tht engine, drtve•tr1tn, 
cab, aftd chassis, whtch art cust• IIOdifttd to suit the cust0111rs' needs. 
lrakt syst•s on this truck classtftcatfon can bt t1thtr hydr1ultc Jr 11r 
operated, depending upon custOMr selection 1nd intended stndct. Tht 

.. jority of tht syst•s are hydraulic due to lower 1niti1l costs 1ssoct• 
1ttc1 with thtst syst•s. In 1912, there wert 1. 4 111fl 1 ion •ldiUII t,' uCki in 
service tn the Un1ttd St1t1s(l4,15). 

Current ■anufacturers and ■arktters of ■ld1UII trucks 1n the 
Untt• States are Ford, Central Notors, Chrysler, Nack, and Ntrctdts•ltnz, 
1nd others. These ■anufacturtrs typically purchase axlt 1nd brake ISSlffl• 

b11ts frca •foundation• ult and brake ■anuf1ctur1rs and asst■blt th•, 
along with tht tng1nt end chassis, tnto tht fintshtd truck. Thtst brakt 
syst•s art 1l■ost uclustvely dr1111 brakes on both the front end rear 
brakes. ThtH brakes ust strip 1 tntnos st■nar to 11Jt011otivt dr1.1111 brakes. 
However, due to the ■ore stvtrt braking condtttons found 1n thest trucks, 
qualtfttd 1sb11tos•fr11 ■attrials h1v1 not bffn found for so■t 111dtu11 
trucks. 

Disc brtkts for 1Hd1UII trucks art now undtr dtvtlOl)llllnt, although 
tht nUllber now in service ts very 111111(17). SOiie of tht advantages c1ttd 
for truck dhc brakes art ltght wttoht and tncreutd east of 11atnttn1nce. 
However, probl•s wtth 1xc1ssivt rotor and pad tN1per1tures conttnut to 
lt■tt thttr use in pottnttally 11vere braktno cond1t1ons. l'uropean 11td1um 



INcka ......... bJ IVICO (ltalJ) and Sllb•Scanta (Swlclen) lrt HClushtly 
f1tte.l wit- ~,drau11ca11J actuated dn11 brak1s(17,11,lt). 

1.1.z.J IIIWY Trucks. The •t1t1vy truck• d1sign1t1on raftrs to 
ettlltr 1t119le-chlssts trucks or s111111nttd tractor-tr,tl1rs having a IWR 
of grNtll" tllln 2,,000 1th!. l11 g111eral. tht stnglt cnassh trucks havt 
_.11ca11,-actuatlcl brat 111t••• wh1l1 ttlt brats of tractor-tra11tr 
c•tnatt•• are P,erally air actuated. 

urve truck brae 1,st•1 art alaost 11clush1ly drua t1P1, 
ettller of tlNt 1etding-tra11 tng type (Figure 31) or the 1tld1ng•1tlding 
tJPI. For tllt11 11ver1 brakint requ1rtatnts, thick block stgatnts rather 
tllan thin strips of friction uterials art bolted or rtv1tld to shots. 
Saae success has bHn ach1tvtd in qualifying non-asbestos block aattr1als 
for tltavy truck applications. This success has bHn dut tn part to tht 
llt11ttr to aold tht non-asbestos aattrials into rigid blocks possessing 
sufficient aechanical strength. 

Tht ust of disc brakes in tht heavy truck •arktt his rtetivld 
, .. attention, but tht over-.laing aajority of tht syst•s ts still 
c1t1tertd around tht ust of drua brakes. Because drua brakes still offer 
s .. perforaence advantages over disc brakes, a ce11pl1t1 conversion to 
d11C brlktl 1n this Ytfliclt ••k•t h not txpecttd. 

Qualtftcatton of non-asbestos •attrtals for truck and trailer 
nrvtct ts proore11tng thro119h the coab1nld tfforts of foundation brake 
11Mufactur1r1, truck •anufacturtrs, and friction product ••nufacturers. 
Nost of the aft1n1ark1t friction product •anuflcturers do not possess the 
fac11it1es to evaluate tht perfor■anct of thttr products under vehicle 
11rvtc1 cofldtttons. 

1.1.J .,,..,_.., Trucks 1M E9!iP!!!'t 

Fara equipaent and construction tqU1paent have braking needs 
difftrlftt froa those of on-highway trucks. Braking spelds w111 bt lower 
and required brake torques will bt higher. 

Ex•plts of off-highway equ1patnt include road scrapers, road 
grldtrs, excavators, haulers, cranes, IIObilt drilling rigs, and other l1rg1 



P.1ec•• of ..,f Plllftt. ,.,. equtp11111t ctn range ,,_ .. 11 tractors to 
larg1 harv,1ttng calbtnes. 

Qullification of frtctton products for these app11cations is 
u1u111y the r1sponsibility of the foundation brake Mnufacturer and the 
equipaent ■anufacturtr since no Federal brakino requtr•ents exist. Nate­
rt111 found to perfora sat11f1ctor11y through years of cust .. r and ••nu­
fecturers• nper1enct 1,1 rarely cllengtd sfnct tlle usage conditions and 
1qutpaent change on,y slightly. 

TIie devtlo...,.t of qualified asbestos rtplacltHnts for this 
••ktt segatnt ■1y bt difficult dut to the txttndN t1• requirtd for 
dlvtlOP■tflt, coupled with the relat1vtly s■all ■1rk1t represented by the 
fara •net construction equtpatnt industry. 

5. and 

Tht bulk of the European i■port autC'IIObilt and truck ■arket 1s 
coapristd of vthir.les 111nufacturtd in &tr111ny, Great Britain, France, 
Sweden, and Italy. As indicattd previously, IIOSt of tht recent i■porttd 

European autOIIObilts .,. fttttd with front Nhttl d1sc brlktt wh1ch Ult 
•i•tallic 1sbtstos•fre1 frict1~n pads. There 1s a strono trend ..ano 
European autoaakers to us, 4•Nhtt1 disc brakes, aloncJ wtth 11■iMtallic 
Mttr 1111. Table 10 1 tsts tht European auta■alcers and tht percentaoe of 
thtir product lints that art equipped with 4·whttl disc brakes. Althouoh 
tht percentao• of new European 4•whtel dhc br11c, t■ports h hioh 
(IO percent), tht total nuaber of units i■porttd ts s■all co■p1red with 
Untttd States 1uto■obtlt production. 

European drivers h1v1 different preferences with respect to 
brake perfora1nce then do Aatric1n drivers. In general, Europeans are 
■ore tolerant of br1k1 sql'tal 1nd br•ke weer then art Aller1can drivers, 
and ■1tert1ls jud9td 1cceptabl1 fro■ a standpoint of stopping perfor1111nce 
alone ••Y not bt acceptable to the Allerican public. In addition, the 
European safety stand1rds ire different frm those 1n the Un1ttd States 
but are dtfftcult to co■ptrt directly. Generally, the ECE/EEC regulations 
allow lowtr levels of br1k1119 efficiency than ao tht Un1ttd States regu• 
lations, but they do require calculattons to show that tht •design intent" 
br1ke balance 1s front bias, 1.t., front wheels lock first. The •phas1s 



TAILE 10. LIST OF 1H4 EUROPEAN-fWIUFACTURED AUTOflOIILES 
EQUl"9 VITN 4-IINEEL DISC IIAKES CUF. 14) 

Nuabtr of Ptrc1nt191 
Units Sold Wtth 4-Whttl 
1n the U.S. Disc lnkts .. ,..,., 

Ntrctdts-ltnz 58,017 100 
Volkswagen 64,405 100 ,.., 64,525 51. 6 
Audt 54,590 15 
Porsche 14,708 100 

lreat lr1tat11 

J1gu1r 18,044 100 

Fr.ct 

Renault 10,277 0 
Ptugeot 14,792 100 

ll!!l 
Alfi R011t0 3,399 100 

...... 
Volvo 96,422 100 
Sub 25.146 ill.. 

TOTAL 424,325 83 
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flf f....t b1111fll ••• , 4•whth. l disc brakes attracthe blCIUH the tff1cth1-
fttll of disc brakes art 1111 affected by 1li9ht chlftOII 1n friction •ttr1e1 
perfon1tnc1. M•lktrl c111 help 1n1urt that the t>rakts 1r1 front b1Htd 
111 spt tt of unforsNft frtct ton product bthav tor by using proport f on tng 
,11,11 to force tM front df1c1 to handle Nst of tht vehicle braktnv. 

Ytrtua11y 111 of tht Japanese 1utaobtlt1 1•porttd to the Un itld 
States art fttted wtth front dtsc brakes. elthougll IGltt •odtls art also 
..,1,,.. w1th 4..._1 d11c braku. Table 11 lists tht percentages of 
JIPlftlN vehicles equipped with 4•whttl disc brakes. In 1984, only 20 
,.,.Clftt of the l ■111 ton units sold 1n tht Unttld States wtrt 10 equipped. 

The eventual adoption of FNVSS 135 •d the failure to qualify 
,..., aitcaotivt brake drua 11n1ng1 e•h1b1t1ng consistent level s of friction 
ovlf" 1 wtdt reno• of perfo,.anct cond1t1ons ••Y affect the design philosophy 
of •rtcan and Jlpanest 1uta11obflt enginte". Forced to ensure front 
bi11 1n the 1y1t•• 1utoalk1r1 ••Y eventually ■ovt to using 1111-tfftctivt 
disc brakes on thl rear axle and increasing tht front•to•rter braking 
ratio to tnsure c,,ns1sttnt syst• perforaenc,. if proven r11r drum 11n1ng 
•ter11l1 1rt not found. 
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TAILE 11. LIST OF 1914 JAPMESE AUTGIIOIILES 
SOLD IN TME Ul!TED STATES EQUIPPED 
WITH 4-VHEEL DISC IUdS (REF 10) 

NUllbtr of 
Perc1nt1gt 

111th 4•WhH1 
Units Sold D1sc lrlkH 

~ 

Mondi 374,119 17.9 

Nhllft 372.633 32.7 

Toyott 306,900 24.9 

Subaru 141,N0 0 

Nitsub1sh1 39,104 >O 

Isuzu 17,233 :-o 
N11d1 _121.197 _L 

TOTAL 1,387.766 >20 



,.1 s,ctt• s •·x 
, ...... CMCertll repNHftt fng IUtclilaflt Nnuftctllf"t". truck Ind 

._1..-t IIINf.ct...,.,. frtctt• product _,.uc.-1, 111d ttWfron■ut1l 
1'"118'1 re■,a•• wttll wrftt111 c-t• to tlll E•t,..,ntal ProttcttOft 
AelftcJ'I ,r1,1M1 Nt1f111d tn tM Ftdtr11 ... t,ter. T1bl1 12 111t1 ttlt 
,.. ..... ts. 

111 ...,.., • respoftdents c...,.ttd • 11uaerout facets of ttll propo11l, 
IMlt tM c-t• ••t perttlllftt to thts stYdy _.. tllose dtaltfll with issues 
of ...... ..,-forllMce, appltcattOft av111M11tty. 111d ftastbtlfty of tht 
propo1td .-. .. dCMI 1cMdul1. Thi c011111nt1 of respondents have b4ten cat1-
gorf1td tn ttll fo11ow1ng MCtf Oftl with rtlPKt to ttlt 1HUH lddrtHtd. 

T.-1• U ,....,.1111 1n • very gtner11 ''"" the re1pon111 of the 
various tftduatrtes end groups to ttlt ■atn featW'H of the proposed EPA ban. 

!:!,_ C..Clf"fts ef 1t1p1u1•t1 t, I••~ ef Ir•• ,,..,erwce 
"'-• Cf,llllfttl of tht rtspondtntl to thh tuue lrt 1U11111r1Hd tn 

Apptftdh ~,. llt.e eutOIIOb11t 111d truck 1N11Uftcturer1 were conshttnt tn ttlttr 
oppos1t10ft to the proposld bin Oft albtstos tn 1ftt,wtrket fr1ct10ft products. 
Ttltst ••ufecturers cOftttnd that vetltclt wftty .. , bt c•pr•1std ff 
unprovtn fr1ct10ft products art ustd tn plact of vthtclt•ttstld products 
contatnfng 1m11to1. Ont truck MnufactW'tr (Nlvhtar) cht•• that brlkt 
tnd frtctton product qu111f1catton c1n take up to 41 ■onths. so tM t1M 
Md cost of r1•qu111fytno ■1ttri~l• for other 1ft1,w1rk1t products would 
bt proh1b1t1ve. 

Solle ■111Yf1cturtr1 quest ton tM long•tef"tl perforwtnct of ••e 
11bt1tos-fru Mttr11l1 1ftd subwquently fttl that further d,w1lopt11nt will 
bt ntce111ry before• ph1se-out ctn be fe111bit. Ford Notor C•Pl"Y 1nd1· 
catld that frtct ton products ■ust bt quel 1f 11d under 1""9 t,,. cond1t tons 
■ore str1ngtnt than ftdtrtl ■otor vehicle 11f1ty st1r1d1rds 1n order to 
dtte,.1M ttlt sens1t1v1ty of Mttr1als to •hot•spottt"9• end •110rn1nv 
stckntss•. llockwell lnt1rn1tton1l inftrrtd that currtnt non-11b11tos 
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TAIU U. LIST OF IESPOIDEITS TO FEDERAL REIJSTEI IOTlCE 
MUIDINI NONSED 1,A ACTIOI 

.. , !Jlt ...,,...., 

,■nu Aft""'" 
Te,ota TecMtcal Center, U.S.A., Inc. 
S..rt of Aatrtca, Inc. 
_,.tclft Nond1 Notor Collpeny, Inc. 
Wtt1ubt1h1 Notors Corp0r1t10fl 
11111111t111rch tnd Dtvtlo1111nt, Inc. 

-tcp Aute,ktrl 

et1r,,1,r Corporation 
.....,.., lloto" Corp0r1tton 
Ford llotor C•peny 
_,icen llotors COrpor1tt0tt 

JM,.,..P Autpptrs 

W01k1w11•n of Allertca 
llet"cNll•lettl of North Aller1ca. Inc. 
Aystin Rover lroup L1■1ttd 

Trfdt A1toctetion1 

Avtaaob11t Japorttrs of _..1c1, Inc • 
.. ttonel Autcaobtlt Dt1l1r1 A11oc11t1on 
Rotor V.hfclt N1t1uf1ctur1r1 A11oc11t1on 

..,1,, wuu1 '4MlttS• 
Nettontl 1tsourc11 Dtftn11 Council, Inc. 

Tr,p-, Ewt-,t ...,,ICtp,rs 

Fouftd1t1on fr1k1 Md Allt N1nuf1ct!!!:!!:1 

Roc:lrwtll lnt1rn1tion11 

Truck Fr .. Ind Ch11s1s lu1ldtrs 

Ntv11t1r lnt1rr.1t1on1l Corpor1t1on 
Frt19htltntr Corporation 

Ftl"II EqutP!"t 

John Dtctrt 1nd C•peny 

Fr1cttp llrlf!fCt ...,,,ste:,r1 
9IN .C•poe,trs 

A111td/ltlld1• Corporation 
Abt• Corporation 

Afttrtllrktt Sypp11,r1 

WIQntr 
Sc1n•P1c 
or191n1l Quality, Inc • 

Trldt A11oci1tton 

Friction N1t1r11~s Standards Inst. 

F1btr Supp11trs 

DuPont 



TAIU u. SUMAIY Of •SN11JE•ts' COIIIENTS TO NONSED 1,a Pl.Al 

Ir•• ,...fo.-..ce Sub1tttut• Avetllbtlttr 
Fe11tbt1ttr of 

~O,OIH IIMH 0... 

'-taeobtlt • 1ftt,..,.ktt for oldtr • •t1rt1ls for froftt dtsc • ,_. .. _ .. plM 
11..,f ecturers •ehfcltl 1•ld bt ...... , .... , ... ,. '"° ... t,lllpt • Mttrt,11 for rtar dr• • 5.,.., leed tt• prtor 

...... , flOt .... tfted to ba f1vorld 
,ufftc htt1tlJ 

Truck Md • 1ft1raen1t for older • •ttrttls for lle1vr on•roed ........... plen OIIPOSltd 

Equtp!llftt vthtcltl stMtuld bt end off•ro1d v~tclts ftOt • 5.,..,. ltld tiM prtor 
lllftuftcturtr ••NPt 1vatllblt or qu1ltftld 11 to ben f evortd 

r•t -... 
Frtctton • perfo,...ct of soae • .. , vthtclt appl~c1ttons • .. , sYb1tttutt1 wtll 
Product Mttrt1l1 still nelds h•v• no queltftld Mttr11l1 bt 1v1tllbl• wtt~tn 
lllftuf1ctur1rs qu11t,tc1tton (Allttd/ (All ttd/lendh) S•Jttrl (Alltld/leftdt1) 

hftdh) 
• perfo,.....ct of sYbstt- • 1Ybstttutt11v1tl1blt for • 1ub1tttut1s now 1v1tl1blt 

tutti 11 tood or bttttr 111 -,1tc1tton1 (Scen-Ptc) (Sc1n-,1e) 
thin 1sbe1to1 (Sc1n-P1c) 

Env1ronMntl1 • subs~ttutts 1v1tllbl1 for • tllaldt1tt ben on currtnt 
Lobbyhts 111 1pplfc1tton1 end .,tt ... 1rtitt 11btst01 

frtctton .. t,rt1l1 



....... ,. ••ttMtld ,.,. off•ll1t1Wq --,◄-, ... , 1c•tt•• t1vt UIIKCIP• 
t•1• perfor11111Ct Md •w•n 1ty. 

Frtct 1on product 11111Uf1cturer1 eew• ■ilctd l"tports concerning product 
,erfonllllet. A1111d/lend11 111d1c•t• t•t dtvtlopatnt work WIS st111 
,,.. ... ,,1ng, 111d 1Ubst1tutt fof"IIUl•t1•1 Mtd to bt IYl1Ulttd using Ythiclt 
tests Md dyft-ter tests. Sc111•Pac, • tht ottttr hand, c1a1■td to 
lllve ,,..11et1 •v•11alalt for •11 ••r-Nt.1 vtfl1c1t epp11c•t1ons, 1ltho119h 
• 111-•11 1111rt1•. dyft-ttr or W.-1c1t test f1e111t111 .,.. av•11•b1t 
It Sc••'9c's fac111ty for .,.11,1c1tt• of ■1ttr1•11. 

TIit c ... nts of tht ,.,,pondtntt to this 111111 art •-•rtzed 1n 
Alllltlldh C. u. S. 111d J1pan111 autCIIIIOlt11t ■anuf•cturers 1nd1c1tt that non-
11b11to1 fr'Ont disc br•kt pads •r• "°" bf·lng usld 11ttn11Ytly on new car 
... ,,,. Chrytltr tndtcattd that all bvt ont vthiclt ■anufacturtd by 
Clw"y1ltr 11 fitted wtth ua1 ... t1111c front br'•k• ••• whtlt ltntr'll 
lloto,., 1cknowltd91d tftlt for front disc bralct,, 11b11to1-fr11 rtplac .. nt 
Mttr11l1 art now avatleblt for new aodtl c1n. Albt1to1•frtt ,,,,. dr• 
wale• ■lttr11l1 •r• st111 not av•tllblt for autaottvt eppltcatton1. 

Volkswagen tnd1ctttd tt\lt tn llldtl ,,.,. 1917 111 products w111 bt 

f1tttd with non•11btstos ltntn91, •tle Dlt■ler•lenz 1nd1catect that new 300 
11rt11 ■odtlt w111 bl f1tted with •lba1to1•frtt friction ■attr'11l1. 011•· 
ltr•lenz did 1ndtc1t1 that brtkt ,,st•• of other vehicles 1n their product 
11ne ere Ulldt'101"1 ltftgthy end ••tlfts1vt rtdtston end rtqu11tf1c1tt011 to 
bt f1tttd with non-11bt1to1 .. t,r11l1. 

S1nct ■ost MIVJ duty truck an~ tqU1Plllftt br1k11 Ult drua brtkts, 
the conc.,.ns of truck tnd equtp!llftt a111uf1eturtr1 wrt difftrtnt fr• 
tlloM of ttlt 1utcaob11t •tnuf1ctur1r1. Since truck 11ft 1, cons1dtr•bly 
longer thtn autcaob11t 11ft, tftt,.trktt 1v1tltbtltty for old,,. vthtcl11 
rM11ftl • strong concern. Frt1ght11ntr and llockwtll 1nd1c1ttd that frtctton 
product supp11tr'I h1v1 betn un1blt to prov1dt qu1ltftld non•1sbt1to1 linings 
for t111vy•duty on•h19hw1y end off•h19hw1y 1pplic1tton1. John Otert 1ndt~ 



• 
catM tllllt ,...1ac-t Mtertah tlftl Mt MN flUl11fttd for flt tn tractor 
tr.,..t,11• c1utdlts and 1111 br1kt1. 

Frtct10II ,,_uct ... 11f1cturtr1 91¥1 •txtd reporh COflC1rning the 
aw1tl11ttltt1 of •••to••free •t1r1111 for the various 1pp11catton1. 
A11ttd/ lefldt1 tftdtcated that they tied MN 1ucc111ful 1n developing a1bt1• 
t11•frea ..,...,,for ... w1tc1tt0ft1, alt.._... ••1 vtlltclt w1tc1• 
tten c..,..t1, ,...111 wtte..t .,.1 tfted IINstOl•frtt ■1t..-11~ 1. Scan• 
Pee tM .._, Mtll tlldtc1ted tlllt subltttutt •terteh '" 1v1t1ul1 for 
111 •11catt••• altllougll Sc••'- 1111 c...clfttrattd on provtd1119 ■1t1rtah 
for atte.....-et htevy vetltclt appl1c1t1oM. NDwevtr, both Sc••PIC 1ftd 
DIIPoftt lack tllt fac11 tt111 to conduct vtlltclt or dyn....ttr tests r1q11ired 
fw ""5S cert1f1cat10ft. 

TIit CGIINfttl of the "'Plftdlfttl to t"11 111111 art IUll■lr1Hd 1n 
~p1ftd1I D. TIit euto■ob11t industry, both d .. 1t1c •1nuf1etwrtr Ind t■por­

h "'• votced ••t•u• concern over the proposed t t•teblt for 11be1to1 
►'Ht•out. TM fo11ow1nt ..,., •IJor potnt1 udt by thh industry: 

(1) TM ,,.,., 1911, lM2, and 1Nl were years of 11vtr1 rtctu1on 
tn tllt aut--.111 tndu1try. TMrtfo" albt1to1-u1191 quotas 
based on 11be1to1 .,. ... during theH years ert t1c111htly 
rtstr1ct1vt. 

(Z) The proposed rating 11 unf1tr to auto 1■porttrs, who volllftt1r11y 
"strtcted, ~rts during ltll, 1912, Ind ltll. 

(l) Qpt10ft 1. which allows a f1vt•Jtlr ltld t1• to dtvtlop and 
qualify new a1bt1to1•frN •at1rtal1, 11 pr1f1r1blt than the 
proposed staotertd pt111t•down effort. 

(4J If AIVSS Ill 11 ldoptld, 110r1 ltad ti• ••1 bt r1~1rld, dtptnd• 
tng upon tllCt prov111on1 of FNVSS 135. 
Truck 1nd equ1p■tnt •anuflctwr1rs, lllhost products rtly upon dru• 

br1kt •~1,1111, were opposed to the proposed 1•1d1att rlduct1on in 1llow• 
lblt 11bt1to1 1n friction •1t1ri1l1. Nlv11t1r, Fr119ht11n1r, end W19n1r 
1wpporttd • plan in which flOtt 1sbt1to1 u11 was banntd 1ft1r I S•y11r ltld 
tiM. Nod1f1c1t1ons of this provision would 111ow tht ust of 11b11to1 1n 



........ ,. fw .-tell • ,.1a:•1•t ........ 1 1111 _11,1-. ..... ...... 
u11111tlf. • • J'ttell fer 111 ••tels .... t111Ne • wllt• .._.1111, 
__.. 11 c1llltdln _. ••1• •1• a-r•• •ttl ned Oft JIM INre trecten. 

TM frtcttea pr•.ct ..,,ect11rer1 IIYI ■1xld reports C.Ctffl1"1 

t111 p, 1,01M -• ..... KMdult. A111ed/lendh 1nd1c1ttd tut r11t1blt 
1lttruttve1 ·,'w ortt1na1 ~1pa111t •ter1ah will be 1v1111blt within 5 
,..,.,. ..,_t 1M lc111•ftlc, • tlle ottler lllnd, 1nct•c1tld tlllt acce,tabl• 

••ttt11te •tert111 .., ntat. lotll c.,..111 lecll ttle f~t11t111 to 
•ltfJ 111tert111 1M 111t•1 •er ....,.., safety 1tlftdlf'd1. 

TIii lltteaa1 11...-cn Dlf•• C..ctl (at) ,..,ports • ... 11t1 
NII • 111 ..._.. 1ft ff-1ct10ft ,,...IICtl, bottl IIIW and afttrurlltt. TIiiy 

c•t• tllat v1elt1t 111bst1tut11 are avatllblt today. 
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